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ABSTRACT
This investigation was undertaken to determine the effects of feeding 
high-producing dairy cows a highly-fortified vitamin-mineral supplement 
in two seperate rations, consisting of a high concentrate-low roughage 
diet and a moderately high roughage-low concentrate diet, both fed at 
high levels of intake. The following observations were made in relation 
to the effects of the rations: 1) digestibility of the rations, 2) TDN
consumption, 3) milk and 4% fat-corrected-milk (FCM) production, 4) 
conversion of TDN to FCM, 5) percentages of milk fat, protein and solids- 
not-fat (SNF) and rancidity development in milk, 6) body weight Changes,
7) animal heat production, and 8) health of the animal.
Sixteen high-producing Holstein cows were divided into four groups 
according to their stage of lactation. The four rations were assigned 
at random to each group. The experimental rations consisted of two 
roughage-concentrate ratios, 15:85 and 60:40* each fed with and without 
a vitamin-mineral supplement. It was recognized that a typical high- 
roughage ration in the literature refers to an 80:20 or 75:25 roughage- 
concentrate ratio, thus the "high roughage" rations used in this study 
are actually conventional or moderately high roughage-concentrate ratios. 
The concentrate portion of the ration was 3/8 in pelleted low-fiber 
grain mixture and the roughage consisted of equal parts of alfalfa hay 
and corn silage on a dry ration basis. The length of the experimental 
period which begin in August and ran through November was 112 days.
The cows were fed individually three times each day and milked 
twice daily. Daily weights of feed, refusals, and milk production 
were recorded. .At the end of each 14-day collection period measurements
xiii
were made of body weights, milk composition (fat, protein and SNF), ran­
cidity development in milk, metabolic heat production, body temperature 
and respiration rate. Observations were made of animal health and of 
ambient temperature and humidity.
Digestibility trials were conducted beginning the 40th day of the 
experimental period which involved all 16 cows using the chromium oxide 
indicator method.
The cows receiving the vitamin-mineral supplement with the high 
roughage ration maintained their level of production of FCM significantly 
(P <.05) better than the non-supplemented-high roughage cows, however, 
the cows receiving the supplement with the high concentrate ration did 
not hold up in production as well as the cows receiving the high con­
centrate in the ration or vitamin-mineral supplementation on milk,protein 
or SNF percentages or.the development of rancidity in the milk. The 
milk fat percentage dropped significantly (P<.01) for the cows fed the 
high concentrate ration during the first 28 days, but increased for the 
remainder of the trial so that the overall change in fat percentage was 
no different from that of the high roughage ration.
No significant differences existed in body temperature or respiration 
rate. The high roughage group receiving the supplement showed a slightly 
higher rate of heat production(P <.10).
Digestibility of fiber was lower (P <.01) for the high concentrate- 
ration groups as compared with the low concentrate ration, while none 
of the other digestion coefficients were different among the groups.
Dry matter digestibility and TDN of the high concentrate ration was 
considerably lower than the theoretical values, consequently, the TDN
xiv
intake o£ the high concentrate rations was significantly (P<.01) lower 
than that of the low concentrate rations. FCM/TDN conversion was signifi­
cantly (P<.01) more efficient for the high concentrate-fed groups, however, 
these groups received slightly lower TDN levels.
Although the results of this study indicate that vitamin-mineral 
supplementation was beneficial to the higher roughage ration, it is 
believed that due to the small number of cows used in each experimental 
group, further study in this area is needed to substantiate these results.
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I. INTRODUCTION
For many years roughages have played the predominant role in dairy 
cattle feeding, primarily because they were recognized as the most 
economical sources of energy. However, in recent years the feeding of 
high proportions of concentrates in the ration is being vigorously 
practiced by many workers in the field of dairy cattle feeding. The 
reasons for this trend are the probability of getting more energy into 
the cow in a concentrated form, the ever-increasing number of higher 
producing cows, and the fact that grain is a cheaper source of energy 
than roughage in many areas.
As a demand for higher and more efficient production has stimulated 
reappraisal of our feeding standards with regard to energy allowance, 
little attention has been given to the merit of adding vitamins or 
trace minerals to the wide variety of rations fed to lactating cows. 
Since the vitamin and mineral contents of most of the concentrate feeds 
now fed are considerably lower than those of forages, the possibility 
exists that a vitamin-mineral supplement might be beneficial to cows 
receiving a high proportion of concentrates in the ration.
Several studies (9, 10, 35, 76) have shown that various vitamin 
and mineral supplements have proven beneficial in low roughage beef 
rations,, but very little information is available concerning the value 
of a highly-fortified vitamin-mineral supplement for lactating cows.
The only report in the literature concerning the feeding of a vitamin- 
mineral supplement to dairy cattle is that of Chance and Loosli at 
Cornell (17). These investigators found no advantage in the vitamin-
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mineral supplementation, however in these studies moderate to liberal 
allowances of good quality roughage were.given to most of the cows.
This study was undertaken to investigate the effect of feeding 
high producing dairy cows a highly-fortified vitamin-mineral supple­
ment with low roughage-high concentrate and moderately high roughage- 
low concentrate rations, fed at high levels of consumption, with regard 
to the following observations: 1) milk yield, 2) fat, protein and
solids-not-fat content of the milk and development of rancidity,
3) efficiency of conversion of digestible nutrients of fat-corrected 
milk, 4) metabolic heat production, body temperature and respiration 
rate, 3) digestibility of the rations and 6) health of the animals.
XI. REVIEW OF LITERATURE
A. The Importance of Vitamin-Mineral Supplementation 
with Changing Feeding Practices
1. Change to High-Concentrate Rations
The present trend in many areas toward higher-concentrate rations is 
being encouraged for several reasons. Factors and investigations con­
tributing to this transition are discussed below.
a. Higher Energy Intake and Milk Output from High Concentrate- 
Low Roughage Rations.
Numerous reports in the literature support the contention that high 
concentrate-low roughage rations allow higher levels of dry matter, TDN, 
digestible energy, and net energy intake, and milk production. Putnam 
and Loosli (8JL) at Cornell fed cows to maximum consumption at three hay- 
concentrate dry matter ratios; 80:20, 60:40, and 40:60. Dry matter intake, 
digestibility and FCM production all increased as the percentage of con- 
centflltes in the ration increased.
Bloom et al. (12) fed cows four hay-concentrate ratios at three levels - 
of energy allowance. They found that the cows fed the high hay, high 
energy rations were often unable to consume all their hay, especially during 
the hot months.
Lassiter et al. (49) at Michigan fed high-producing cows concen­
trates at rates of 1 lb per 3'.5 lb FCM, 1 lb per <2.5 lb FCM, and grain 
ad libitum. The cows on the two higher levels of grain feeding produced
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more milk than expected from their predicted lactation curves while 
those on the lower grain level produced slightly less. Olson (72,73) 
and Boyd (14) reported similar results indicating that unlimited grain 
feeding and limited roughage allowance resulted in higher levels of 
TDN intake and FCM productions.
b. Improved Genetic Factors
Several research workers advocate that our present feeding standards 
are obsolete in view of the ever •‘increasing production potential of our 
dairy cows (36, 49, 86). Out present standards are based chiefly on the 
data of Uaecker which were obtained from cows with a daily production 
average of only 24.4 lb of 4% fat-corrected-milk (FCM) per day (86). The
average 305-day production of DHIA-tested cows in 1940 was 8,675 lb, in
1950, 9,705 lb, and in 1961, 11,032 lb.
According to Huffman (36) the physiological limits of the cow have 
required that higher levels of grain and lower levels of roughage compose 
the rations of high-producing cows if they are to produce at their full 
potential.
Lassiter (49) reported that Holstein cows on the Michigan DHIA 
testing program consuming the highest amounts of grain produced the 
highest levels of milk and returned the greatest income above feed costs. 
Charron (18) induced farmers to increase TDN allowances 20% by higher 
grain feeding to one-half the cows in 48 test herds. The average 
increase in milk annual yield was 2,030 lb per cow.
Danish workers (48) found that when good cows were removedifrom 
average herd conditions and placed under near ideal conditions, milk 
production more than' doubled.
Mather et al. (62) reported that the return in FCM per pound of 
grain fed was 0.58 lb and 1.35 lb for cows with a 245-day production 
potential of 8,906 lb and 11,708 lb, respectively. The higher-potential 
cows could be fed at a much higher level before the cost of feed exceeded 
the value of the milk produced. Jensen et al. (39) found that when high- 
producing cows were fed TDM allowances above the recommended levels, 
the economic law of diminishing returns st£ll permitted a profit, but 
with average- or low-producers feeding above the recommended levels 
was not profitable.
c. Concentrates a More Economical Source of TDN than Roughages 
In many areas the cost of TDN from grain is less than that from
roughage. Lassiter (44) reported that TDN may be supplied at a lower 
cost as corn than as alfalfa hay, mixed hay or corn silage in Michigan. 
The average price of good quality alfalfa hay paif by the Louisiana 
State University dairy farm for the three years, 1960-61-62, was $43.31 
per ton while the price of a custom-mixed concentrate duripg that same 
period was $58.75 (98). Assuming that the TDN content of the hay is 52% 
and the concentrate is 74%, the cost per 100 lb of TDN was $4.15 and 
$3.97 for the hay and the concentrate, respectively. Under feed-cost 
conditions such as these the most profitable hay-grain ratio is one 
containing as much concentrate as is physiologically permissible.
d. No Effect of High-Concentrate Feeding on Healjjh of Cows 
Moore et al. (66) reported no difference in the Incidence or
severity of mastitis between cows receiving a high corn ration and cows 
fed a normal hay-gfain ration. Gardener (28) at Illinois reported
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similar results. Hathaway et al. (33) found that the feeding of 16 to 
18 lb of concentrates from 40 to 50 days before calving and continuing 
through freshening did not increase the amount of udder edema, mastitis, 
ketosis or retained placentas. The 22 cows bed unlimited grain by 
Boreland et al. (13) remained in good heAlth with no more digestive, 
udder, or breeding troubles than the cows fed a low grain ration. Some 
cows consumed 35 pounds of concentrates per day.
e. Effect of High-Concentrate Rations on Milk Composition
Several studies have demonstrated that the fat percentage of milk 
may be significantly depressed if only 5 lb of hay equivalent daily is 
fed with the remainder of the dietary energy being supplied by con­
centrates (5, 24, 80, 81, 97). Balch et al. (5) reportedthhat the 
nature of the concenteate and the level of dry matter fed have an 
important influence on the magnitude of the fat depression.
Boyd (14) fed hay at levels of 5 lb per day and found that milk 
protein and solids-not-fat percentages were significantly higher and 
milk fat percentage was significantly lower than for cows receiving a 
normal hay-concentrate ration. Oleson et al. (73) fed hay at levels 
as low as 4 lb per day with ad-libitum corn and cob meal plus a protein 
supplement and observed that the solids-not-fat content of the milk 
increased without a decrease in milkfat content.
Lassiter et al. (49) found that cows receiving concentrates ad 
libitum with limited hay produced milk with fat, protein and solids- 
not-fat percentages equal to that of cows fed restricted levels of 
concentrates and higher levels of hay. Stott (92) at Arizona reported 
cows receiving hay at the rate of 0.8 lb per 100 lb of body weight
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with high levels of grain produced milk with higher percentages of • 
solids-not-fat but with no change in fat percentages as compared to 
cows receiving 2.5 lb of hay per 100 lb of body weight.
Jensen et al. (40) found no significant difference in the development 
of spontaneous rancidity in milk when high grain, high roughages and 
•grain plus green forage rations were fed to dairy cows. Other studies 
(29, 30) have reported a decrease in the incidence of spontaneous 
rancidity when green feed was included in the ration.
f. Lower Animal Heat Production from a High Grain (Low Fiber) Ration 
Stott and Moody (91) have reported that the nature of the ration 
fed is an important consideration in regard to environmental temperature 
conditions. Under Arizona summer conditions there was a significant 
increase in feed intake and FCM production as hay was decreased and 
concentrates were increased to provide the same level of energy and 
protein in the ration. Also, significantly lower respiration rates, 
body temperatures, and milk fat percentages were observed as the hay 
allowance per day was lowered from 2.5 lb to 1.0 lb.
Breidenstein et al. (15). fed rations of two fiber levels (22% and 
32%) under hot and cool temperature conditions. Significantly higher 
production of FCM resulted from the lower temperature, while under the 
high temperature conditions more FCM was produced from the low fiber 
ration than from the high fiber ration. TDN intake was essentially the 
same for all groups.
Studies at the Texas station (78). showed that cows receiving a low 
fiber ration during hot weather had a significantly lower rectal tern-
perature, respiration rate and pulse rate than cows fed a containing 
67% more fiber.
McClymont (55, 56) reported that the heat increment of ruminants 
increased as the percentage of roughage in the diet increased. He 
associated this with an increase in the production of acetic acid in 
the rumen. Balch (4) and Tyznik and Allen (97) found that the molar 
ratio of concentrate to roughage in the diet. As the percentage of 
roughage in the diet is decreased, the percentage of propionate 
produced in the rumen is increased and acetate decreased. Blaxter (11) 
reported that the administration of acetate to the fasting sheep had 
a greater heat-producing effect than did propionate or butyrate.
McClymont (56) suggested that acetate is non-glycogenic and, unlike 
glucose, it must always be portitioned between oxidation and lipo- 
genesis, thus resulting in a rise in metabolism. Lusk (53); fed 3 gm 
of acetate to fasting dogs and noted a distinct increase in metabolism 
which was believed to.be due to the inability of acetate to be used 
as net energy.
2. Vitamin and Mineral Supplementation for High Concentrate Rations-
As the demand for higher and more efficient production has stimulated 
reappraisal of out feeding standards with regard to energy allowance, 
little attention has been given to the merit of adding vitamins and trace 
minerals to the diet Of milking cows.
Mead and Goss (63) in 1935 studied the effects of feeding milkipg 
cows an all-concentrate ration and observed no particularly harmful 
effects. Several recent studies (14, 72, 73, 91) in which high-producing
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cows have been fed high-energy rations with daily hay equivalent allow­
ances as low as 4 to 8 lb have shown no adverse effects of the diet 
upon production, dpy matter intake, or health of the cow.
Tables compiled by Titus (95) show that the content of carotene, 
vitamins D, E, and most of the B vitamins, and the trace minerals is 
generally somewhat lower in grains than in forages. Thus, with a high 
proportion of the ration being composed of grain and oil meals, the 
possibility exists that the addition of certain vitamins and minerals 
to the diet might be advantageous;..
The study of Chance and Loosli (17) is the only extensive investi­
gation that has been reported where a highly-fortified vitamin-mineral 
supplement has been fed to high-producing dairy Cows. The vitamin- 
mineral supplement contained vitamins A and D, ascorbic acid, choline, 
riboflavin, lecithin, pantothenic acid, thiamine, manganese, iron, copper, 
cobalt, iodine, zinc, wheat germ oil, wheat germ meal, calcium, phosphorus, 
and salt. Four experiments, in which rations containing different ratios 
and sources of hay and concentrates, were fed with'and without a vitamin- 
mineral supplement to high-producing Holstein cows. No significant 
differences were observed in any of the trials in milk or fat production, 
feed intake, efficiency of production, digestibility, weight change, or 
health or general condition of the animal. All of the cows used in the 
study with the exception of one group of four in one of the trials
t
received moderate to liberal allowances of good quality forages which 
may have met the needs for vitamins and minerals in these animals.
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B. Vitamin 'Supplementation to Daixy Cow Rations
1. Vitamin A
Beta carotene, the principle precursor of vitamin A, is generally 
present in good quality roughages and forages in amounts such that 
ruminant animals receiving a good quality roughage-concentrate ration 
fed at conventional roughage-concentrate ratios will get an adequate 
supply of carotene to meet the needs for vitamin A. Several studies 
have been conducted to determine the carotene requirement of the dairy 
cow.
Studies by Kuhlman and Gallup (47) in 1941 have shown that 5 to 9 
mg of carotene per 100 lb of body weight per day will allow successful 
reproduction and lactation in the dairy cow. Kulhlman (47) found that 
when rations supplied 90 mg of carotene per day, which was considered an 
adequate amount, the feeding of higher levels did not cause an increase
in milk or fat yield but did enhance the carotene content of the milk.
When only 40 mg of carotene per day were fed duripg the last 90 days 
of gestation, parturition was impaired and subsequent appetite and milk 
production were depressed. Deuel et al. (23) reported that the feeding 
of vitamin A at levels higher than those recommended for normal repro­
duction in dairy cows did not increase milk yield but resulted in a higher
level of vitamin A in the milk.
Based on the average carotene content of alfalfa hay as presented 
by the National Research Council (67), 1.0 to 1.5 lb of good quality 
alfalfa hay per 100 lb of body weight should satisfy the vitamin A 
activity requirements of the lactating cow.
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Perry and Beeson (76, 77) fed rations to beef cattle in dry-lot 
containing 1.0 and 2.26 mg carotene per pound or daily allowances of 
approximately 18 and 46 mg of carotene per animal daily and found that 
the supplementary vitamin A  causednan increase in weight gains and feed 
efficiency. The addition of 20,000 I.U. of vitamin A  palmitate per 
animal per day {increased daily gains by 15 to 307. and feed efficiency 
by 6 to 107.. Higher levels of vitamin A supplementation up to 60,000
1.U. had no additional effects. The animals receiving no vitamin A 
supplement showed signs of night blindness and depressed appetite during 
the hot months.
Hubbert et al. (35) found that 10,000 to 30,000 I.U. of supplementary
dietary vitamin A per animal daily increased efficiency and weight gains
>
of feedlot steers. Evidence was found that the supplementation with 
vitamin A  may have a role other than that of preventing a deficiency 
since liver samples of the control animals were not deficient in vitamin A 
stores.
. Beeson (10) reported that vitamin A supplementation may be necessary 
for maximum animal performance under conditions where adequate carotene 
allowances were though to be supplied. Factors which have been found to 
affect the conversion of carotene to active vitamin A are the presence of 
free nitrates in heavily fertilized plants, inadequate dietary protein 
levels, stresses such as high temperatures, high production and diseases, 
and a reduced thyroid activity.
2. Vitamin D
Since research has been reported that calcium retention decreases with 
age in dairy cows (31), the effect of supplementary dietary vitamin D on
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the absorption of dietary calcium was studied. Conrad and Hibbs (20) 
and Hansard et al. (31) found that a high dosage of dietary vitamin D 
(100,000 units per day) markedly increased the absorption of calcium and 
phosphorus. These workers also found that high-level vitamin D supple­
mentation reduced the incidence of milk fever in aged cows. Field 
studies have been reported which showed increased milk production, 
appetite, vigor, and plasma calcium concentration in aged cows who re­
ceived supplementary vitamin D (2).
3. Vitamin E
Merk and Crasemann (64) fed 4 gm of Dl-alpha-tocopherol daily as a 
supplement to a relatively high forage ration for cows producing 20 to 
22 lb of milk per day. There was no increase in milk production.
Loosli (51) in a review stated that the cause of a muscular dystrophy 
in lambs (stiff lamb disease), had been traced to lack of adequate 
vitamin E in the milk of dams receiving a severely low-vitamin-E diet.
In Scotland, calves with"white muscle disease" were born to cows on a 
winter ration low in vitamin E; the milk of these cows contained only 
10% of the normal level of vitamin E.
4. B Vitamins
Bechdel (6) in 1926 first reported that a ration which was not 
sufficient in B-complex vitamins to maintain life in the rat would allow 
normal growth in the calf. Rumen contents from the calves were fed to 
vitamin B deficient rats and normal growth was observed (7). From these 
results it was postulated that rumen microorganisms synthesized the 
B-complex vitamins in amounts sufficient to support normal growth in 
the ruminant animal.
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McElroy et al. (59, 60) assayed contents from the rumen of sheep 
which had been fed a semi-purified diet devoid of the B vitamins and 
.observed that B vitamin synthesis had taken place. Hunt et al. (37) 
showed that increased levels of carbohydrate in the diet of ruminants 
increased the rate of synthesis of B vitamins.
Many studies (6, 7, 37, 54, 59) have demonstrated that B vitamins 
can be synthesized readily by rumen microorganisms provided that necessary 
nutrients such as carbohydrate, protein and cobalt are present. However, 
very little information is available concerning the adequacy of this 
supply of the B vitamins for high-producing animals or the effects of 
B vitamin supplementation to lactating cows.
C. Mineral Supplementation
The 14 minerals which are essential for animal nutrition are also 
found in most plants. Thus, good quality rations containing grain and- 
the conventionally-fed amounts of forage usually supply all the trace 
minerals in sufficient amounts for the ruminant. In some geographical 
areas, however, deficiencies of certain minerals in the soil exist, 
consequently, crops produced in these areas are deficient in the mineral 
(8, 9). Beeson (9) pointed out that the cobalt content of feeds produced 
in certain areas of the country was too low to support optimum performance
of ruminant animals. The mineral content of various feed plants was
■v-
reported to vary considerably throughout different areas of the country 
and deficiencies of copper, iron, iodine and manganese in addition to 
cobalt existed in various areas. Becker (8) in extensive studies in 
Florida reported deficiencies of copper, iron and cobalt in forages grown 
in that area.
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Moody et al. (65) conducted a 22-week reversal trial with 10 pairs 
of cows which were fed good quality alfalfa hay and a simple grain mix 
to study the effect of supplementation with a trace mineral mixture 
containing copper, cobalt, iron and manganese. No increase in milk 
yield, body weight or hematocrit value was produced by the mineral supple­
ment.
Plumlee et al. (79) fed an all-grain ration with and without a trace 
mineral supplement of cobalt, copper, magnesium, manganese, iron and „ 
zinc to feeder steers. The group receiving the mineral supplement showed 
a decrease in appetite and lower weight gains.
Tables compiled by Titus (95) show that the trace mineral content 
of forages, especially alfalfa, is considerably higher than that of 
grains. With a diet low in good quality roughage, trace mineral supple^ 
mentation may be justifiable for ruminants.
D. Vitamin and Mineral Supplementation for Reduced Heat Stress
It has been reported by several workers (10, 35, 38, 91) that feed 
consumption andranimal performance decrease in hot weather. Johnston (43) 
states that the summer decrease in appetite and production of dairy .cows 
is due primarily to a decrease in the quality -of summer forages. Howevey, 
beef cattle work has shown that feed consumption and weight gain in the 
feedlot are depressed by hot environmental temperatures (35, 38, 77).
Beeson (10) and Hubbert et al. (35) reported that feeder cattle 
fed 20,000 and 30,000 I.U. of vitamin A per head daily during the hot 
months withstood the heat better and had better appetites and daily gains.,
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than control animals. Page et al. (75) found that cattle depleted of 
stored vitamin A were unable to withstand the added stress from solar 
radiation during the summer months. There was accelerated expenditure 
of Vitamin A in animals exposed to heat stress.
Wayman et al. (100) using force-fed fistulated cows found that FCM 
production was significantly higher under cool (65°F) conditions than 
under hot (88°F). conditions when the cows received the same levels of 
TON allowance, indicating that efficiency of FCM/TDN conversion was 
greater under cool conditions. It was also found in this study that 
the voluntary TON intake of cows was significantly lower under hot than 
under cool conditions and reported that the most important effect of high 
temperatures on FCM production was the depression of appetite. However, 
in these studies the high temperatures were kept constant, thus, not 
allowing the animals a cool period each day to recover from the heat 
stress as occurs under natural conditions. Also these were short-time 
trials and the question arises concerning whether the animals would have 
responded better under the hot conditions if they had been better 
acclimated to the conditions and remained there for longer periods.
Johnston et al. (42) reported that values for metabolic heat pro­
duction, respiration rate, and body temperature were greater for higher- 
producing dairy cows, and that these values were even higher under hot 
conditions..
Studies by Forbes et al. (26, 27) have indicated that wastage of 
metabolisable energy as heat loss is increased by nutritive deficiencies. 
The heat increment value of corn was three times as great when corn was 
fed alone as it was when c o m  was fed in combination with alfalfa hay, .
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although the metabolizable energy value was nearly the same in both cases. 
A  diet deficient in phosphorus was found to increase heat loss. A diet 
deficient in ptotpinrincreased metabolic heat production as well as a 
diet with extremely high levels of protein.
Vitamin and mineral supplementation of dairy cattle rations might 
be beneficial if they increase the effeciency of conversion of feed 
nutrients to milk or weight gain and thereby reduce metabolic heat pro­
duction.
1X1. EXPERIMENTAL METHODS
A. Statement of the Problem
This Investigation was undertaken to determine the effects of feeding 
high-producing dairy cows a highly-fortified vitamin-mineral supplement 
in two separate rations; (1) a high concentrate-low roughage diet and 
2) a moderately high roughage-low concentrate diet with both rations 
fed at high levels of intake. The following observations were to be • 
made to determine the effects of the rations: 1) digestibility of the 
rations, 2) TDN consumption, 3) milk, and 4% fat-corrected-milk (FCM) 
production, 4) concersion of total-digestible-nutrients (TDN) to FCM,
5) fat, protein and solids-not-fat (SNF) percentages and rancidity 
development in the milk, 6) body weight changes, 7) animal heat production, 
and 8) health of the cows.
B. Experimental Design
1. Assignment of Animals
Sixteen Holstein cows were selected from the Louisiana State 
University dairy herd that had made at least one previous lactation record 
and had been in production at least 30 days and not more than 150 days.
The cows were first placed on a standardization trial and all given the 
same treatment for a two-week period. At the end of this period, pre- 
experimental measurements were made of all the criteria which were to be 
evaluated during the experimental period.
The design of the experiment was a 2 x 2 factorial. The four experi­




60:40, each fed with and without the vitamin-mineral supplement. It is 
recognised that the high roughage ration did not contain as high a pro­
portion of roughage as would have been desirable to compare high and low 
roughage rations, but at the time this experiment was initiated some of 'z 
the cows used were committed to establishing milk production records, 
consequently, a 60:40 hay-concentrate ratio was used instead of a 75:25 
ratio as originally planned.
The cows were allotted into four groups on the basis of their 
stage of lactation. Ihere did not appear to be enough variation among 
the cows in producing ability as indicated by previous lactation records 
and current production, to consider this variable in allotment so the 
four experimental treatments were assigned at random to the cows in each 
of the lactation groups. Table 1 shows the grouping of the cows used 
in the study and the treatment assigned to each cow.
Cow 500 was removed from the group near the end of the standard­
ization period due to acute mastitis and replaced with cow 540 who 
approximated the same stage of lactation.
2. Duration of Experimental Trial
The length of the standardization period was 14 days. Three days 
were then allowed to make the transition to the experimental rations.- 
Thecexperimental period consisted of eight continuous 14-day collection 
periods or a total of 112 days. At the end of each 14-day period, 
measurements were made of all the criteria. The experimental period 
began on August 10, 1962 and.was completed on November 29, 1962.
3. Rations
During the standardization period the cows were individually fed 
to maximum consumption on a ration having a 50: roughage-concentrate
TABUS 1











Av. daily TDN 
consumption
A I 432 149 14388 38.0 1197 25.7
II 455 137 13998 36.0 1237 25.7
III 473 143 14940 42.5 1125 26.0
IV 394 133 13491 45.9 1159 25.6
Av. 140 14204 40.6 1180 25.8
B I 371 108 12708 41.1 1180 25.3
II 431 112 no record^/ 40.8 1129 25.8
III 445 92 13872 40.1 1055 25.6
IV 415 88 13383 39.2 1073 24.4
Av. 100 13321 40.3 1109 25.3
C I 520 71 13734 38.7 938 22.6
II 254 81 13401 39.2 1093 23.7
III 265 73 11391 35.4 1083 22.7
IV 479 79 13111 36.8 1029 24.2
Av. 76 12909 37.5 1036 23.3
D I 480 61 11972 38.0 1001 24.9
II 238 49 13553 39,9 At . 1089 19,1 AtIII 5401' 33 11709 no; record!!' 950 no record!!/
IV 228 32 12050 38.4 1165 23.9
Av. 44 12321 38.7 1051 22.6
aj I * high conc.*i* supplement, II 3 high conc., no supplement, III 3 low conc.+ supplement, IV 3 low conc.,
no supplement
Jb/ Average of previous lactation records, 2X, 305 days
£/ Previous lactation of cow 431 was made under experimental conditions
d/ Cow 540 replaced cow 500 at beginning of the experimental period; no experimental data was available for her
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ratio; based on dry natter. The roughage portion of the ration consisted 
of a 50:50 mixture of hay and silage based on air weight. Feed consump­
tion was measured during this period to determine the upper level at 
which the experimental rations could be fed. The estimated average daily 
TDN consumption per cow during the standardization period was 24.3 lb 
which corresponded to an intake of 0.38 lb of TDN per pound of FCM 
above maintenance, or 120% of the National Research Council recommen­
dations for milk production above maintenance (67)..
Since feed intake was relatively uniform among the cows during the 
standardization period which occurred during the hot weather, it was 
believed that the experimental rations could be fed at similar TDN levels 
as the standardization ration, namely, 0.38 lb of TDN per pound of FCM 
above maintenance. If the cows should consistently be unable to consume 
the major portion of their feed allowance, the TDN allowance for the 
entire group would then be decreased.
Feed allowances for the experimental animals were based on the TDN 
requirements for maintenance and FCM production and calculated from 
theoretical TDN values of the ration components as presented by the
National Research Council (67). The theoretical TDN values for the high
concentrate-low roughage and low concentrate-high roughage rations were
70.0 and 59.4, respectively, and were calculated on the basis of the hay- 
equivalent having 50% TDN and the concentrate having 74.3% TDN.
Good quality alfalfa hay and fair quality corn silage were fed. The
concentrate was a 3/8 inch pelleted mixture of ingredients which had a 
high density and a low fiber content. The composition of the concentrate 
mixture is presented in Table 2.
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TABLE 2





lb % lb %
Corn meal 1020 49.4 1020 51.0
Ground milo 300 14.5 300 15.0
Cottonseed meal, 41% 250 12.1 250 12.5
Soybean meal, 44% 250 12.1 250 12.5
Molasses 100 4.8 100 5.0
Urea 20 1.0 20 1.0
Salt 20 1.0 20 1.0
Dicalcium phosphate 40 1.9 40 2.0.
Vitamin-mineral supplement^/ 66 3.2 0 0
2066 100.0 2000 100.0
a/ Composition of vitamin-mineral supplement is presented in Table 3
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The composition and daily allowance of the vitamin-mineral supple­
ment is shown in Table 3. The supplement was incorporated into the 
pelleted concentrate to facilitate feeding* By putting 66 lb of the 
supplement into a ton.of concentrate, the daily vitamin-mineral allowance 
per cow was satisfied when 7 lb of the supplemented pellets were included 
in the daily concentrate allowance. The daily allowance of pellets was 
not expected to fall b&low 10 lb per day for any cow at any time during 
the trial.
4. Feeding and Care of the Animals 
a. Feeding
The cows were fed three times daily in an effort to obtain maximum 
feed consumption. The feeding schedule was as follows:
5:00 a.m. Refusals from the previous evening feeding were weighed
and recorded. The group of cows fed the high concentrate 
ration was gived one-third of their daily allowance of 
concentrates and all their hay; the group fed the low 
concentrate ration received one-half of their daily 
allowance of concentrates and all their hay.
1:30 p.m. Refusals from the morning feeding were weighed back.
The group fed the high concentrate ration received one- 
third of their daily pellets and one-half of their silage 
allowance; the group fed the low concentrate ration 
received 2 lb of pellets and one-half of their daily 
silage allowance.
.TABLE 3
' Composition and allowance per animal per day 
of the vitamin-mineral supplement























4:30 p.m. The group receiving the low concentrate ration were fed 
the remaining one-third of.their pellets and one-half 
of their silage; the group fed the low concentrate ration 
received the remainder of their .'pellets and the other 
half of their silage.
Common salt and a mineral mixture containing only calcium and phos­
phorus were available in the loafing lot for free-choice consumption.
i .!>«.,v Management
The cows were kept in individual stanchions under one end of the 
dairy herd loafing shed where individual mangers and water cups were 
provided. The cows remained fastened to the mangers at all times except 
when being milked, and for a 4 hr period from 9:30 a. m. to 1:30 p.m. 
during which time they were turned loose to exercise in the loafing lot. 
The cows were fastened to .the mangers with three-'faot chains so they 
could remove their heads from the stanchions and lay down comfortably.
The floors were bedded with bagasse, and cleaned daily before fresh 
bedding was put down.
The cows were milked twice daily, at 4:30 a.m. and 4:00 p.m., in the 
dairy herd milking parlor.
5. Collection of Data
a. Feed Intake
The amounts of hay, silage and pellets fed and refused each day were 
weighed and recorded. Two-week totals of hay, silage, concentrSte, dry 
matter and experimentally-determined TDN consumption were tabulated.
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fa TPM Consumption
The TDN intake of the cow was determined by multiplying the total 
dry matter actually consumed during each',14-day collection period by the 
TDN coefficient determined for each cow in the digestion trial.
As a measure of the cows' appetite, the percentage of her TDN allow­
ance for maintence and PGM production which she actually consumed (fed minus 
refused) was determined. The amount of consumed TDN.was derived by sub­
tracting the refused TDN from the fed TDN. Refused TIM was calculated by 
multiplying the refusal by the theoretical TIM values of the refusal com­
ponents.
c. Chemical Analyses of Feeds
Three determinations were made over the experimental period for prox­
imate analysis and carotene content of the hay, silage and concentrate fed 
and proximate analysis of hay and silage refusals. Hay and silage dry 
matter was determined at two-week intervals. The proximate analysis and 
carotene content of the feeds were determined according to the procedures 
described by the Association of Official Agricultural Chemists (3).
d. Milk Production
Milk production was recorded at the milkipg parlor at each time of 
milking. Fourteen-day totals for milk and 4% FGM were tabulated.
e. Fat. Protein and Solids-not-fat (SNF) Percentages
At the end of each 14-day collection period, samples from four con­
secutive milkings were obtained for fat, protein and SNF determinations. 
Milkfat percentages were determined by the Babcock method. Milk protein 
percentages were determined in 3 ml samples as the percentage of Kjeldahl 
nitrogen multiplied by 6.38. The SNF percentages were determined by the 
lactometric method described by Watson (99).
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f• Rancidity Development
Acid degree values which measure rancidity were determined in the 
fresh milk samples and again after 48 hours. These determinations 
were made according to the silica-gel chromatographic method of Thomas 
et al. (93).
g. , Body Weight Change
The animals were weighed at the beginning of the experiment and 
at 14-day intervals thereafter. Cows were weighed on three consecutive 
days at 1:00 p.m. and the mean weight computed.
h. Animal Heat Production
Heat production in the cows was measured by respiration rate (times 
per min), rectal temperature, and estimated metabolic heat production at
t
14-day intervals. Respiration rates and rectal temperatures were taken 
at 12:30 p.m. on three consecutive days just before weighing the animals 
and the mean value computed. At this time of the day the respiration 
rate and body temperature should be maximum.
Metabolic heat production was estimated using a modified indirect 
calorimetry method; A  mobile open-circuit respiratory exchange apparatus, 
as described by McDowell (58), was used to measure the respiratory 
exchange volume of each animal for a given period of time, and to collect 
samples of expired air for analysis. The expired air samples were 
analyzed for 02 and CO2 at each oflthe eight collection periods and for 
CH4 at only one period. It was assumed that the CH^ percentage of the 
expired gas would not vary appreciably among periods. A laboratory model 
Burrell gas analysis apparatus was used for the analyses. Metabolic heat
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production was estimated by calculating the volume of oxygen absorbed 
per hour and multiplying by the caloric value of oxygen for the oxi­
dation of a mixed ration. These estimates are based on the assumption 
that each litter of O2 consumed resulted in the production of 4.825 
calories of heat as proposed by Brody. ((6).
i. Climatic Conditions
Daily ambient maximum and minimum temperatures. and humidity were 
obtained with a hygro-thermograph. Humidity as indicated, by vapor 
pressure was calculated from dry bulb temperature and relative humidity 
values. The hygro-thermograph was located at the climatic control 
chamber where ambient conditions were very similar to those to which 
the experimental cows subjected.
j. Health and Condition of the Animals
Observations were made of each animal for incidence of mastitis, 
digestive disturbance, night blindness, and general appearance and vigor. 
The observations for night blindness were made at 14-day intervals by 
driving the cows, during the prer.dawn period after the morning milking, 
through, an open gate in which was placed a wheelbarrow. If the animal 
could not see the wheelbarrow and ran into it, she was considered to 
have night blindness.
6. Digestibility Trials
Digestibility trials were conducted on each cow using the chromic 
oxide indicator method described by Hane (45) during the fourth 14-day 
period of the experiment (^September 15 to September 29).. Twenty grams 
of chromic oxide were administered in two 10 g capsules daily during a 
five-day preliminary and a five-day collection period.
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Daily samples of hay, silage, concentrate and feed refusals were 
collected for chemical analysis. Fecal grab samples were taken twice 
dally and frozen prior to being composited for analyses.
Digestion coefficients for dry matter, crude protein, crude fiber, 
ether extract and nitrogen^free-extract were determined for each animal. 
These values were used to calculate the digestibility' of the ration 
consumed by the animal during the entire experiment.
G. Statistical Analysis
Analyses of variance were conducted according to the methods of 
Snedecor (89) to test the significance of the differences for the 
following criteria? change in ilk, and FCM production; conversion of 
TDN to FCM; digestion coefficients of the rations; changes in percentages 
of fat, protein, and SNF and rancidity development of the milk; changes 
in body weight, metabolic heat production, respiration rate, body temper­
ature; and TDN consumed and percentage of TDN allowance consumed.
The sources of variance included in the analyses were lactation 
group or replicate, vitamin-mineral supplementation, level of concen­
trate allowance, time period during the trail, and all interactions 
among, supplementation, concentrate level and period. In this study 
all the variables were considered to be fixed.
Cow 228 had to be removed from the experiment during the third 
week due to hardware disease. Her production was below normal for the 
two weeks she spent on the experiment, so values were calculated for 
the missing data for all eight of the collection periods. The missing 
values were calculated in order to have equal numbers of observations in 
each group.
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Ihe statistical analyses were computed by the Computer Research 
Center at Louisiana State University.
IV. RESULTS AMD DISCUSSION
A. Rations Used in the Study
The four rations used in this study, high concentrate-low roughage 
with vitamin-mineral supplementation, high concentrate-low roughage 
without supplementation, low concentrate-high roughage with supplementa­
tion, and low concentrate-high roughage without supplementation are 
hereafter referred to as rations I, II, III, and IV, respectively. The 
"high roughage" ration used in this study is actually a moderately high 
roughage ration. A typical high roughage ration in the literature 
refers to hay-concentrate ratios of 85:15 or 75:25 in contrast to the 
60:40 ratio used in this experiment. In this study the primary interest 
rested in the effects of vitamin-mineral supplementation in a high 
concentrate ration (15:85 ratio) compared to a conventional, moderately 
high roughage ration (60:40 ratio).
1. Chemical Composition of the Rations
a. Proximate Composition and Carotene Content of the Ration Components 
The average proximate composition, dry matter, and carotene content 
of three composited samples of the hay, silage, and concentrates used in 
this investigation are presented in Table 4. The proximate composition 
and dry matter percentages for the individual samples which were composited 
on three different dates (August 1, October 1, and November 15) are pre­
sented in Appendix Table 29. Crude protein contents of the concentrate 
mixtures were 21.9% and 20.6%. These values were higher than .Jicipated






Average proximate composition, dry matter and carotene content 
of hay, silage and concentrates fed,to the experimental cows
” Dry Crude Ether Crude N-free - - Carotene®/
Feed_______ matter protein extract fiber Ash extract A______B C
— ”    (%)............... -........... (mg/lb).....
Hay 88.0 17.9 2.5 29.6 9.2 38.0 59.0 30.6 26.1
Silage 28.0 7.4 2.8 26.6 7.3 53.0 8.5 3.9 3.2
Conc. Ik/ 88.0 21.9 3.0 5.4 10.5 57.4 0.3
Conc. Il£/ 88.0 20.6 2.1 4.1 10.3 61.0 0.3
a j Samples collected; (A) Aug. 1, (B) Oct. 1, (C) Nov. 15; silage sample (A) 
was from different silage crop than:(B) and (C). 
t>/ Supplemented concentrate 
c/ Non-supplemented concentrate
TABLE 5
Average calculated proximate composition and carotene content of 













A ; B C C
<%).... —  ---------- --- (mg/lb)-----
15:85 19.8 2.9 9.0 55.9 10.3 6.1 :3i2 2.8
60:40 16.8 2.9 18.0 49.7 9.1 31.7 /.22p9 15.6
a/ Calculated from hay and silage samples collected (A) Aug. 1, (B) Oct. 1,
(C) Nov. 15
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the mixtures at the feed mill. The carotene content of hay was much 
higher (59 mg/lb) for the first sample (August 1), but this may be 
explained by the fact that this date occurred about 30 days after the 
hay was harvested. Although the hay was stored inside a barn and re­
tained a reasonably good green color throughout the trial, there was a 
progressive decline in carotene content to 30.6 mg/lb on October 1 and
26.1 mg/lb on November 15. The first silage sample had a much' brighter 
green color and a carotene content of 8.5 mg/lb compared to 3.9 mg/lb
and 3.2 mg/lb for the samples taken October 1 and November 15, respectively.
\
Silage collected on the first date was from a different crop of corn and 
stored in an upright silo while samples for the later dates were stored 
in a shallow trench silo.
b. Proximate Composition and Carotene Content of the Total Rations 
The proximate composition and carotene content of the basal high 
concentrate and basal low concentrate rations, calculated on the basis 
of the analyzed composition of the individual components, are presented 
in Table 5. The crude fiber contents of the high-concentrate and low- 
concentrate rations were 9.0% and 18.0%, respectively. The crude pro­
tein contents were 19.87. and 16.8% for the high concentrate and low 
concentrate rations respectively and varied widely due to the high pro­
tein content of the concentrate mixture. However, the lower protein 
level was still high enough to satisfy the daily protein requirement of 
the cows.
2. Digestibility of the Rations
The digestion coefficients and TDN values of the total ration fed 
to each of the cows and the treatment group averages are shown in Table 6.
TABLE 6
Digestion coefficients and TDN values of the total ration for the four experimental groups
Crude Ether Crude N-free Dry TDN
Ration Cow No. Protein Extract Fiber Extract Matter. (DM Basis)
High Concentrate:
Supplement 432 68.4 73.4 35.9 77.6 64.6 65.1
(I) 371 63.5 67.0 20.8 76.5 61.1 61.9
520 59.4 73.6 21.7 67.4 56.3 56.3
480 71.3 83.7 36.8 77.2 . 67.5 66.4
Av. 65.7 74.4 28.8 74.7 62.4 62.4
Non-supplement 455 70.6 67.3 33.4 72.6 65.6 61.9
(II) 431 54.8 67.2 22.1 67.3 54.8 55.0238 67.2 67.3 33.0 70.3 62.3 59.4
254 66.1 80.5 23.3 72.8 61.5 61.2
Av. 64.7 70.6 28.0 70.8 61.1 59.4
*
Low Concentrate:
Supplement 473 65.9 71.9 48.2 64.8 61.8 56.5
(III) . 445 64.3 58.2 47.1 75.6 63.9 60.5
265 62.6 42.8 44.2 79.0 64.0 60.9
540 66.4 70.0 49.3 76.6 65.6 62.3
j ; , Av. 64.8 60.7 47.2 74.0 63.8 60.1
Non- supp lenient 394 68.3 70.3 51.3 78.0 67.4 64.1
(IV) 415 69.7 . 76.3 52.7 72.6 64.1 62.9
- 479 64.7 69.7 52.1 76.0 65.5 62.4
Av. 67.6 72.1 52.0 75.5 65.7 63.1
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The analyses of variance for the TEN values and the digestion coeffi­
cients for the dry matter, crude fiberi crude protein, ether extract, 
and nitrogen-free extract in the four experimental rations are given 
in Appendix Table *15. There was a significant difference (P < .01), 
in fiber.digestibility between the high and low concentrate rations.
The average crude fiber digestion coefficients for the high concentrate 
rations, 1 and IX, were 28.8 and 28.0 compared with 42.7 and 52.0 
for the low concentrate rations, III and IV. The lower fiber digestibil­
ity of the high concentrate ration could possibly be attributed to a 
more rapid rate of passage of the feed through the digestive tract as 
has been reported for high concentrate rations by Balch et al. (4).
Kane et al. (45) also found that the digestibility of fiber was depressed 
when high levels of starch were fed with hay and attributed this to a 
less suitable microflora for fiber digestion in the rumen.
There were no significant differences among the experimental 
group averages for any of the other digestion coefficients. It is of 
interest that the average TDN and dry matter digestibility of the high 
concentrate rations were approximately the same as those for the low 
concentrate rations. According to Elliot and Loosli (24), the TDN 
value and dry matter digestibility increase as the proportion of con­
centrate in the ration increases. The average TDN value obtained for 
the hgih concentrate ration was 60.0 and for the low concentrate ration 
was 61.6. The theoretical TIM values for the high and low concentrate 
rations were 70.0 and 59.4 calculated on the basis of the hay-equi­
valent having 50% TDN and the concentrate having 74.3% TDN. These
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theoretical TDN values were used to assign daily feed allowances during 
the trial. Thus, by considering the actual and the theoretical TDN values 
for the high concentrate rations, it is apparent that the cows fed rations 
I and XI were under-fed, as compared with cows fed rations XXI and IV.
A possible reason for the low observed digestibility of the high 
concentrate ration could be that the rumen microflora of the cows had 
not become well adjusted to such a ration. The collections for the 
digestion trials were made 40 days after the beginning of the experiment. 
There was a much greater difference between the concentrate-roughage 
ratio of the pre-experimental ration and the high concentrate experi­
mental ration than the pre-experimental ration and the low concentrate 
experimental ration. Balch et al. (4) found that only 2 lb of hay in 
the daily diet of the cow resulted in suppressed digestibility. They 
claim that the role of roughage in the rumen is to mechanically de­
crease the rate of passage of the ingesta and to stimulate motility of 
the rumen.
The diet of the cows fed rations X and XX in this study was of low 
fiber content (9%) since they received only about 5.4 lb of hay equi­
valent per day.
B. Ambient Temperature and Humidity
Table 7 gives the average maximum and minimum ambient temperatures 
and vapor pressure for the standardization period and the eight collec­
tion periods. It may be seen that there was a considerable change .in 
climatic conditions during the experiment. The maximum average daily
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temperature during the standardization period was 96.9°F and during 
the 8th collection period it was 68.6°F. During the same periods the 
vapor pressures were 26.0 and 10.5 mm Hg.
Reports in the literature (83, 84, 100) have indicated that when 
the ambient temperature exceeds 80° to 85° F, appetite as well as 
volume and efficiency of production are suppressed. During the 
standardization period and the first two collection periods the animals 
showed a considerable amount of discomfort as indicated by the accel­
erated respiration rates and increased body temperatures • The animals 
appeared to be under some degree of thermal stress up through the 5th 
collection period after which the maximum ambient temperature fell 
below 80°F.
TABLE 7
Average maximum and minimum temperature and humidity (vapor pressure), 
for the standardization and the eight collection periods
Temperature Humidity




(mm of Hg*) 
26.0
1 8/10-8/23 96.8' 68.2 82.5 25.6
2 8/24-9/6 91.8 70.4 81.1 24.5
3 9/7-9/20 92.2 70.0 81.4 24.1
4 9/21-10/4 86.4 60.3 73.4 18.0
5 10/5-^0/18 89.6 65.0 77.3 21.2
6 10/19-11/1 76.0 48.6 62.3 13.0
7 11/2-11/15 69.1 ' 41.4 55.3 10.2
ii'io-i 1/^/16-11/29 68.6 46.4 57.5 10.5




The actual TON intakes for the cows were determined from the 
digestion coefficients derived in the digestion trials and are presented 
in Appendix Table 5. The analysis of variance of TDN intake is given 
in Appendix Ta|la 16* There was a significant difference (P .01) be­
tween the average daily TDN intakes of the high concentrate group which 
consumed 21*4 lb and the low concentrate group which consumed 25*7 lb.
This difference was mainly due to the high concentrate rations being
«
over-evaluated and the low concentrate rations being slightly under­
evaluated by the theoretical TDN values of the two rations.
The TDN intakes for the cows in each of the eight periods were 
derived by multiplying the dry matter consumption for that period by the. 
TDN coefficient obtained for the cow in the digestion trial. This 
presents a question concerning the validity of calculating the TIM in­
take values for each period of the experiment with a coefficient de­
termined during only one period. JOhnston et al. (43) and Davis et al.(22) 
found that dry matter digestibility was higher for cows under hot weather 
conditions (maximum temperature 90°F) than under cool conditions (maximum 
temperature 70®?). Wayman et al. (100) found that ingested feed passed 
through the tract at a slower fate under hot conditions (88°F) than under 
cool conditions (65°F), which could affect digestibility. Factors other 
than change in ambient conditions which might cause the TDN value of dry 
matter to vary during a given experiment are differences in level of feed 
intake, changes in sources of feeds, and changes in the rumen microflora.
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The average TDN intake was 21.6 lb, 21.1 lb, 24.3 lb, and 27.0 lb 
for groups I, II, III, and IV, respectively. The average amount of TDN 
consumed daily by the cows fed the two non-supplemented rations which 
was 24.0 lb was greater than that consumed by the cows fed the two 
supplemented rations which was 23,3 lb (P<.01). This difference was 
due largely to the high TDN intake of the non-supplemented-low concentrate 
ration (IV). The average amount of TDN intake of ration IV was 27.0 lb 
compared with 25.1 lb for the supplemented-low roughage ration (III).
The increased consumption of ration IV over ration III was due to (1) 
the higher levels of dry matter allotted to the cows fed ration IV pri­
marily because of the greater body size of this group, and (2) the average 
dry matter digestion coefficient of ration IV which was 63.1 compared 
with 60.1 for ration III.
2. Percentage of TDN Allowance Consumed
During the first 42 to 56 days of the experimental period there 
were many cases of individual cows refusing to consume all of their 
daily ration allowance. Refusals varied considerably among cows and 
from day to day, however, no cow consistently refused a large percent­
age of her allowance. During the last half of the experimental period 
.(56 days) the high concentrate-fed cows consumed essentially all of 
their TDN allowances and the small refusals of the low concentrate 
groups amounted to mostly weeds and trash in the roughage.
Table 8 shows the 14-day averages of the percentage of the TDN 
allowance which was actually consumed by each cow in the four treatment 
groups and the group averages for the first four collection periods (56 
days). The analysis of variance of the percentage consumption for the 
experimental groups is given in Appendix Table 17/ The average percentage
TABLE 8
Average percentages of TDN allowance consumed by the cows fed the 
four experimental rations for the first four collection periods
Treatment Cow No. 1
Periods 
2 3 4 Av.
—  - — - - -— (*)■
I 432 87.6 87.6 86.5 99.1
371 77.9 85.6 80.2 89.0
520 81.2 85.3 93.5 99.4
480 82.4 90.9 94.9 99.5
Av. 82.3 87.3 88.8 96.7 88.8
II 455 89.3 94.6 90.6 100.0
431 86.9 93.8 92.7 100.0
254 87.3 86.9 88.6 97.5
238 85.1 74. .7 77.6 97.5
Av. 87.1 87.5 87.4 98.7 90.2
III 473 91.6 86.9 92.9 98.0
445 92.4 84.5 91.8 97.2
265 86.3 85.4 88.0 97.5
540 82.4 86.9 84.7 97.7
Av. 88.2 85.9 89.3 97.6 90.2
IV 394 96.3 90.1 90.8 98.5
415 91.7 91.3 91.3 98.2
228 90.8 89.5 91.3 98.6
479 93.2 89.4 91.6 97.1
Av. 93.0 90.1 91.2 98.1 93.1
4°
of TDN allowance consumed during the 56-day period for each of the four 
groups of cows was 88.8, 90.2, 90.2, and 93.1 for rations I, II, III, 
and IV, respectively. There was no significant difference among these 
values. If the percentage of the calculated TDN allowance that the 
cow actually consumed may be used as a measure of the animal's appetite, 
it appears that there was no effect of hay-concentrate ratio or vitamin- 
mineral supplementation on the appetite of the cows during the first 56 
days of the trial.
These results appear to agree with work of Breidenstein et al.
(15) who fed rations of different fiber contents at TDN levels of 120% 
of NRC standards under hot and cool conditions and found that dry matter 
intake was not depressed although FCM production decreased when the high 
fiber ration was fed under the hot conditions. However, Stott and 
Moody (91), Wayman et al. (100), and Peters et al. (78) have found 
that under hot weather conditions lactating cows would consume more 
of a high concentrate-low-fiber ration than a low-concentrate high fiber 
ration. The high roughage rations (18% crude fiber) used in this study 
did not contain as much fiber as those used in the other studies which 
may be one reason the cows fed the ration consumed as much TDN as the 
cpws fed the high concentrate ration. Also, the lack of palatability 
of the pelleted concentrate could have possibly reduced the intake of 
the high concentrate rations. Had the concentrate been non-pelleted 
form and of higher fiber content with more bulkiness, their acceptance 
would probably have been better.
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D. Milk Production
The average milk and FCM production on the four rations during 
the standardization and the eight collection periods, and the change 
in production which occurred during the experimental period are presented 
In Table 9. The analysis of variance for milk and FCM production 
(Appendix Tables 18, 19) was made on the change in production which 
took place during the trial in order to adjust for the differences in 
initial production of the cows as measured during the standardization 
period.
1. Milk
The average production was 41.5 lb, 41.8 lb, 38.5 lb, and 40.2 lb 
for groups I, II, III, and IV, respectively. When the rate of change 
in production was considered it was found that there was no significant 
effect caused by the concentrate level or vitamin-mineral supplementation 
on maintaining production levels.
2. FCM
The average FCM production for the four groups over the trial 
were 34.0 lb, 35.6 lb, 34.9 lb, and 36.2 lb for groups I, II, III, and 
IV, respectively. There was a significant interaction (P<.Q5) in the 
rate of decline in FCM production between, concentrate level and vitamin- 
mineral supplementation. As shown in Figure 2 the group receiving the 
supplemented low concentrate ration (III) showed *na'ddvantage in main­
taining their level of production of FCM over that of the non-supplemented 
group (IV) as evidenced by declines of 1.0 lb and 7.4 lb, respectively.
TABLE 9
Average daily silk and FCM production for the four treatment groups 
for the standardization and the eight collection periods
Treatment
I II III >= IV
Period Milk FCM Milk FCM Milk FCM Milk FCM
ssJ 46.6 38.0 44.2
-------
39.0 43.7 36.9 44.8 40.1
1 48.0 38.7 46.1 36.8 41.4 36.2 44.2 38.1
2 44.8 33.8 44.0 34.6 39.0 34.9 43.5 37.8
3 41.8 32.2 39.6 31.9 36.4 31.7 39.9 34.9
4 42.6 35.4 43.6 38.1 39.5 35.5 41.7 40.0
5 43.2 36.5 41.9 34.6 37.8 35.0 41.8 37.8
6 38.0 32.7 40.9 38.9 37.1 34.9 39.2 36.9
7 37.7 32.0 39.3 34.0 38.0 34.9 36.5 33.5
8 35.9 31.0 39.0 34.6 38.7 35.9 34.5 32.7
Av. 41.5 34.0 41.8 35.6 38.5 34.9 40.2 36.2
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However, the supplemented high concentrate ration (!£) did not maintain 
FCM production level any better than the non-supplemented high concen­
trate-fed group (22Q. These results indicate that vitamin-mineral 
supplementation may have been beneficial in higher roughage rations 
but not in lower roughage rations.
The cause of the interaction between supplementation with concen­
trate level is difficult to explain. It. was expected that the vitamin- 
mineral supplement would be more beneficial to the high concentrate 
group since the high roughage ration is considered to be more adequately 
supplied with vitamins and trace minerals than the high concentrate 
ration. Apparently the supplementation improved the high roughage ration 
more than it did the high grain ration. The cause of the improvement 
of the ration could be attributed to 1) ah alteration of the ratio or 
concentration of end-products of rumen fermentation, 2) increased ab­
sorption of certain nutrients from the digestive tract, or 3) more 
efficient utilization of the metabolizable energy by the animal. Whether 
the effect of the supplementation was upon the rumen microflora or upon 
the host animal cannot be determined from the results obtained in this 
study. It appeared that the effect was prolonged rather than immediate 
as indicated by the slower decline of the FCM production curve during 
the latter part of the experiment for group III than for group IV 
(Figure 2).
Since the addition of the vitamin-mineral supplement did not 
improve the high concentrate ration for FCM production, it appears that 
this ration, which contained an average of 5.4 lb of hay equivalent and
25.2 lb of concentrate per day, was adequate in a supply of the vitamins 
and minerals which were in the supplement to provide for satisfactory 
FCM production.
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Ihe fact that variation in milk production persistency among cows 
may have a large influence, upon the variation among treatment responses 
is especially important for continuous-type feeding experiments with 
dairy cows. Due to the smali number of cows used in each treatment 
group, this must be taken into account when viewing the results obtained 
in this study.
All the experimental groups decreased in FCM production for the 
first three periods, except group I which began to drop after the first 
period, then all the groups increased during the fourth period. The 
cause of this initial decrease and then increase in response cannot 
be fully explained, but the shift of the animals to the experimental 
conditions could have caused milk production to decline while the hot 
weather delayed their adjustment somewhat. The inconsistent response of 
group I during the last four periods appeared to be associated with mark­
ed changes in milkfat percentage during those periods.
There was no difference in FCM production between the high and low 
concentrate rations. Other studies (14, 24, 73) have shown that FCM 
production was greater for a high concentrate-low roughage ration than 
for a low concentrate-high roughage ration. This observation was not 
confirmed in this study probably due to the relatively low fiber content 
(18%) of the high roughage ration and to the relatively low digestibility 
of the low roughage ration.
£>. Conversion of TDN to FCM
Table 10 gives the values for conversion of TDN to BCM for the 
individual cows in the four treatment groups during the standardization
TABLE 10
Coefficients of conversion of- TDN to fat-corrected milk for the four experimental ration's 
during the standardization and the eight collection periods**/
Treatment Cow No.
Periods
Av.S 1 2 3 4 5 6 7 8
nxgn vOuCciiLrowc* ____ __________---- V.J-D7------
Supplement 432 1.48 1.55 1.34 1.34 1.52 1.41 1.28 1.40 1.35 1.40
(I) 371 1.62 1.86 1.50 1.70 1.80 2.12 1.63 1.62 1.57 1.73
520 1.53 -2.17 1.59 1.91 2.43 2.11 1.70 1.75 1.75 1.93
480 1.52 1.71 1.38 1.15 1.54 1.45 1.33 1.25 1.22 1.38
Av. 1.54 1.82 1.45 1.53 1.82 1.77 1.49 1.51 1.47 1.61
Non-supplement 455 1.40 1.44 1.44 1.41 1.70 1.24 1.42 1.24 1.51 1.43
(II) 431 . 1.58 1.71 1.69 1.66 1.82 1.58 1.67 1.57 1.57 1.66
254 1.70 1.67 1.67 1.74 1.83 1.61 1.87 1.72 1.53 1.71
238 2.09 1.54 2.15 1.93 2.07 1.70 2.37 1.71 1.76 1.90
Av. 1.69 1.59 1.74 1.69 1.86 1.53 1.83 1.56 1.59 1.68
Low Concentrate
Supplement 473 1.64 1.63 1.38 1.21 1.52 1.40 1.37 1.43 1.52 1.43
( n » 445 1.56 1.59 1.40 1.45 1.52 1.45 1.38 1.42 1.35 1.45
265 1.56 1.63 1.46 1.30 1.10 .1.36 1.24 1.28 1.28 1.33
540 1.51 1.69 1.49 1.56 1.61 1.40 1.56 1.50 1.89 1.59
Av. 1.57 1.64 1.43 1.38 1.44 1.40 1.39 1.41 1.51 1.45
Non-supplement 394 1.79 1.31 1.26 1.63 1.36 1.23 1.17 1.08 1.05 1.26
(IV) 415 1.61 1.54 1.52 1.47 1.63 1.46 1.37 1.37 1.37 1.47
479 1.52 1.51 1.28 1.39 1.35 1.40 1.19 1.27 1.21 1.33
- 228^/ 1.61 • 1.79 1.73 1.54 1.67 1.59 1.51 1.40 1.32 1.57
Av. 1.63 1.54 1.45 1.51 1.50 1.42 1.31 1.28 1.24 1.41
_a/ Coefficient = pounds of FCM/pounds of TDN
b/ Values calculated for missing data from all eight periods
and the eight collection periods. The analysis of variance for the 
values is given in Appendix Table 20. The average value for the high 
concentrate rations was 1.65 compared to 1.43 for the high roughage ration. 
The difference between the high and low concentrate groups in FCM/TDN con­
version was significant at P .01. However, as illustrated in Figure XI, 
the TDN intake for the high concentrate groups (X and XX) was lower 
than that of the low concentrate groups (XXX and XV)., thus a higher 
efficiency of conversion would be expected from the groups recieving 
the lower TDN input. The effect of vitamin-mineral supplementation upon 
the efficiency of conversion was not significant.
E. Milk Composition
The average percentages of milk fat, milk protein, and SNF for 
the four groups of cows during the standardization and the eight collec­
tion periods, and the changes in these components which took place over 
the experiment are presented in Table 11. The analyses of variance for 
fat, protein, and SNF percentages of the milk are given in Appendix 
Tables 21, 22, and 23, respectively.
1. Milk Fat
The average fat percentage for the low concentrate ration was 3.4% 
and for the high concentrate ration, 2.97., however, the initial average 
fat percentage was higher for the low concentrate group. The change in 
the fat test over the experiment was not significantly different between 
the two levels of concentrate feeding. Vitamin-mineral supplementation 
had~no--e£fect on the fat percentage of the milk..
TABUS 11
Average milk composition for the four treatment groups during the standardization
and the eight collection periods
Treatment
I II III IV
Period Fat Protein SNF Fat Protein SNF Fat Protein SNF Fat Protein SNF.„/v\______
s®/ 2.8 2.9 8.3 2.9 2.7 8.4
\'°J
3.0 2.9 8.2 3.3 2.9 8.6
1 2.7 2.8 8.1 2.8 3.2 8.2 3.2 3.1 8.1 3.0 3.1 8.3
2 2.4 3.1 8.1 2.7 3.1 7.9 3.3 3.0 8.1 3.1 3.0 8.5
3 2.5 3.2 8.3 2.7 3.1 8.2 3.2 3.1 8.1 3.0 3.0 8.6
4 2.9 3.2 8.2 3.2 3.2 8.4 3.3 3.4 8.4 3.4 3.2 8.6
5 3.0 3.3 8.3 2.9 3.4 8.4 3.5 3.4 8.6 3.4 3.2 8.8
6 3.1 3.7 8.4 3.7 3.6 8.6 3.7 3.7 8.5 3.7 3.9 9.0
7 3.0 3.4 8.3 3.2 3.5 8.6 3.5 3.5 8.5 3.4 3.7 8.9
8 3.1 3.6 8.3 3.3 4.2 8.6 3.6 3.8 8.6 3.7 4.0 9.0
Av. 2.8 3.3 8.3 3.0 3.4 8.4 3.4 3.4 8.4 3.4 3.4 8.8
Changeh/ +0.3 +0.7 0 +0.4 +1.5 +0.2 +0.6 +0.9 +0.4 +0.’4 +1.1 , +0.4
tij S - standardization
b/ Net change from the adjustment period through the experimental period
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During the first 28 days, the high concentrate group decreased by
0.3 percentage points in fat test while the low concentrate group increased 
by 0.1 percentage points. During the remainder of the trial the high 
.'Poncentrate group increased 0.65 percentage points while the low concen­
trate group increased 0.45 percentage points. This'indicated that the 
high concentrate ration depressed fat percentage for a short time, but 
over the extended period of 112 days the fat percentage came back up to 
a level comparable to that of the low concentrate ration. This inter­
action of concentrate level with periods was highly significant (P^.01).
There was no difference between the average change in fat percentage 
for the supplonented and non-supplemented rations. There was a sharp in­
crease in milkfat percentage at the sixth period for all rations except 
ration I. This supplement x concentrate level x period effect was signifi­
cant (P<.01). This marked increase in fat percentage for the three groups 
of cows may possibly be associated with the marked decrease in ambient 
temperature and vapor pressure which occurred during the same period.
The cows fed the non-supplemented rations showed the most change during 
this period of the experiment. This supplement x period effect was 
significant (P<.01).
Most other studies (5, 24, 80) in which rations were fed with fiber 
percentages as low as that used in this study, found that the milkfat 
percentage was depressed throughout the experimental period. Factors 
which could be responsible for this not being observed in .this study 
are the decrease in temperature over the experiment, increasing stage 
of lactation and changes in rumen microflora.
2. Milk Protein
The average milk protein percentages for rations I, II, III, and 
IV were 3.3, 3.4, 3.4, and 3.4, respectively. The changes in protein 
percentages among the rations were not significant. The increase in 
protein content of the milk for all cows from the beginning to the end 
of the trial was greater than the change in fat or SNF content as may 
be seen in Table 11.
3. SNF
The average SNF percentages for the rations I, II, III, and IV were 
8.3, 8.4, 8.4, and 8.8, respectively. There was. no significant difference 
in the change in SNF percentage among the rations, although the low con­
centrate gave a slightly greater increase than the high concentrate. The 
change in SNF for alllthe cows over the experiment was less than the 
change in either fat or protein.
4. Rancidity Development
Observations representing the spontaneous development of hydrolytic 
rancidity in milk are presented for individual cows in the four treat-, 
ment groups in Table 12. Each observation represents the increase in 
acid-degree value of the milk over a 48-hr incubation period. The 
analysis of variance is given in Appendix Table 24. By examining the 
individual cow observations it is Apparent that there was much animal 
variation during the experiment. There were no significant differences 
among the four rations in rancidity development.
G. Body Weight Gain
All the cows increased in body weight during the trial. The body 
weights of the cows for each collection period and the net gain is
TABLE 12
Forty-eight-hour changes in acid degree values of milk for the four treatments
during the eight collection periods
Periods
Treatment Cow No. 1 2 3 4 5 6 77 B8 Av.
High Concentrate: 
Supplement 432 .753 .602 .502 .322 .155 .889 1.814 .900 .217 .679
(I) 371 .276 .175 .552 .081 .348 .248 .808 .600 .202 .377
520 .451 .201 .452 .155 1.083 .199 1.160 .742 .075 .508
480 .477 .954 .151 .116 .155 .116 , .116 .083 .149 .230
Av. .489 .483 .414 .169 .435 .363: .975 .581 .161 .449
Non-supplement 455 .426 .150 .301 .038 .387 .078 .503 .129 .110 .212
(II) 431 .552 .200 .251 .194 .116 .039 .773 .116 .107 .225
254 .226 .251 .251 .271 .271 .193 .619 1.004 .331 .443
238 .150 .251 .050 .348 .232 .696 .812 .222 .000 .326
Av. .339 .213 .213 .213 .252 .252 .677 .368 .237 .291
Low Concentrate: 
Supplement 473 .276 .182 .201 .038 .155 .928 .194 .232 .251 .273
(III) 445 .050 .552 .101 .232 1.005 .542 .348 .138 .142 .383
265 .326 .251 .301 .696 .078 .310 1.308 .700 .414 .507
540 .502 .702 .903 .464 .851 1.315 1.972 1.460 .773 1.055
Av. .289 .422 .377 .358 .522 .774 .956 .633 .395 .555
Non-supplement 394 .326 .150 .100 .232 .078 .232 .329 .213 .078 .177
(IV) 415 .150 .702 .652 .155 .193 .503 .387 .314 .406 .414
479
228y
.125 .803 .050 .116 .387 .155 .329 .285 .227 .294
.200 .552 .267 .168 .219 .297 .348 .271 .237 .295
Av. .169 .552 .267 .168 .219 .297 .348 .271 .237 .295
a/ S ■ standardization period
b/ Values calculated for missing data
given In .Appendix Table 11. She average gains for rations I, II, III, 
and IV were> 60 lb, 58 lb, 70 lb, and 106 lb, respectively;. Fart of the 
Increase In gain on the low concentrate-high roughage (rations III and 
IV) could be attributed to rumen fill. These cows appeared to have more 
girth about the barrel than cows receiving the low roughage rations.
The difference in the weight gains among the rations was not significant.
H. Animal Heat Production
The heat production response of each cow was observed by measuring 
respiration rate and rectal temperature during the part of the day when 
thermal stress upon the animal was near maximum, and by estimating non- 
fasting metabolic heat production. Table 13 presents the average metabolic 
heat production, body temperature, and.respiration rate for the standard­
ization period and each of the collection periods. Appendix Tables 26,
27, and 28 give the analyses of variance for body temperature, respiration 
rate and metabolic heat production.
1. Body. Tempterature (°g)
By observing the body temperature values (Table 13) it is apparent 
that the cows were under some thremally stress£ul conditions during the ' 
standardisation and the first two experimental periods. Not until after 
the 5th period did the body temperatures get down to the point where 
they ceased to decline further. The average temperatures for rations 
I, 11^ III, and IV for the first four periods were 103.7°, 103.8°, 103.6°, 
and 102.8^F, respectively. When the changes in temperature value were: 
analysed there were no significant differences caused by hay-grain ratio
TABLE 13
Average metabolic heat production, body temperature and respiration rate for the 
±our treatment groups for the standardization and eight collection periods
High Concentrate Low Concentrate
SUBniement 1 Non-supplement n Supplement III Non-supplement IV
Period MHF&^ Teav . y  RR&/ MHP Temp. RR MHP Temp. RR MHP Temp. RR
Cal/cwt* 7 Times •Cal/cwt•,7 Times Cal/cwt* 7 Times Cal/cwt* 7 Times
per hr °F '/mfh.~ per hr °F /min per hr °F /min per hr °F /min
S 85.6 103.1 . 71.9 104.1 104 58.2 103.2 108 77.1 102.6 100
1 91.5 104.7 77 88.2 105.0 85 92.2 104.6 93 99.2 103.7 77
2 76.1 105.1 83 75.6 104.9 77 84.4 105.0 84 80.9 103.3 80
3 56.6 102.7 53 52.7 102.7 61 67.8 102.5 69 63.2 101.8 57
4 50.7 102.2 46 64.7 102.6 49 65.9 102.4 57 61.1 102.2 551
5 48.2 102.2 51 52.2 102.5 48 54.3 102.3 65 54.2 102.0 51
6 34.0 101.6 31 23.9 101.4 29 42.2 101.6 33 35.3 101.4 24
7 48.5 101.9 31 52.0 101.8 29 60.6 101.9 37 53.2 101.8 24
8 66.1 102.0 18 63.6 101.6 16 67.5 101.5 23 63.1 101.5 17
Av. 59.0 102.8 49 59.1 102.8 49 66.9 102.7 58 63.8 102.2 48
bJ  MHP = metabolic heat production 
hj Temp. * rectal temperature 
£/ RR * respiration rate
54
or by vitamin-mineral supplementation. There was a significant change 
(P < .01) in the average of all body temperatures over the experimental 
period.
2. , Respiration Rate
During the standardization period and the first two experimental 
periods the cows had highly accelerated rates of respiration. The 
average of alllthe cows during the standardization period was 99 respir­
ations per minute. There was a gradual decline (significant at P<.01) 
in respiration rate over the experiment which followed a pattern similar 
to the decline in ambient temperature and humidity. When the changes in
r
respiration rate during the experiment were analyzed, there were no 
significant differences due to hay-grain ratio or to vitamin-mineral 
supplementation.
Stott and Moody (91) and Peters et al. (78) indicated higher 
respiration'rates and body temperatures in cows fed the higher fiber 
rations. The actual fiber percentages for the rations in these reports 
were not given bjtt possibly there was more difference in the fiber content 
of their rations than those used in this study. THis may explain the 
apparent lack of agreement.
3. Metabolic Heat Production
The average estimated metabolic heat production for the high concen­
trate and the low concentrate rations, measured as calories per 100 W*^ 
(body weight) per hour, were 59.1 and 65.4, respectively. These'averages 
were not significantly, different. A  higher metabolic heat production was 
observed in the cows receiving the vitamin-mineral supplement with the 
low concentrate ration (significant at P <•&())• This ration also
maintained fOT production better which suggests that the vitamin-mineral 
supplementation may possibly have had an Influence on milk production and 
metabolic rate.
There was a significant general decrease in heat production over the 
experiment (P < .01). This decrease in body heat production was related- 
to the decrease in ambient temperature and vapor pressure as already dis­
cussed with reference to respiration rate and fyady temperature.
6. Health of the Cows
1. Mastitis
The incidence of mastitis was low among all cows. One cow fed the 
low concentrate ration plus the vitamin-mineral supplement was affected 
with mastitis. Another cow fed the high concentrate ration plus vitamin- 
mineral supplement partially lost production of one quarter due to 
mastitis.
2. Digestive Disturbances
No serious digestive disturbances were encountered by any of the 
cows and feed refusal was not consistent for any single ration. No 
incidence of bloat lip any degree was observed.
3. Other Health Disorders
One cow was removed from the experiment because of hardware dis­
ease. No incidence of keotsis was encountered.
4. General Appearance
During a period early in the trial the cows fed the vitamin-mineral 
supplement with either the high or low concentrate rations seemed to
Other Health Disorders 
One cow was removed from the experiment because of hardware disease.
No Incidence of ketosis was encountered,
■
4, General Appearance
During a period, early In the trial the cows fed the vitamin-mineral 
supplement with either the high or low concentrate rations seemed to show
somewhat more alertness, vigor, and smoothness of hair coat than those fed\
the non-supplemented ration. This difference in appearance did not 
persist throughout the trial,
5, Night Blindness
No case of night blindness was observed during the trial as indicated 
by the ability of the animals to see objects in semi-darkness during the 
pre-dawn period just after the morning milking.
I, General Discussion
When high-producing dairy cows were fed at 120% of National Research 
Council's recommended allowances at 15:85 and 60:40 hay-concentrahe 
ratios the following observations were made: 1) the cows fed the high
roughage ration consumed as large a percentage of their daily TDN allow* 
ances as the cows fed the high concentrate ration; 2) the digestibility 
of dry matter was the same for both rations; 3) the decline in .FCM was 
the same for both rations; 4) heat production of the cows fed the high 
hay ration was no different from that of cows fed the high concentrate 
ration. The above observations are not in agreement with results of 
studies reported in the literature (12, 14, 17, 24, 39, 62, 78, 91),
An explanation for most of this lack o£ agreement may be due to the small 
difference in the hay-concentrate ratios used in the study, or, to the low 
crude fiber content of the high roughage rations.
Recognising this limitation, however, in this study several interesting 
observations were made when a very low roughage-high concentrate ration 
(5.4 lb of hay daily) was fed at high levels of intake to dairy cows as 
compared with the feeding of a moderately high roughage-low concentrate 
ration (22.3 lb of hay daily): 1) FCM production was maintained as well
over a long period of time on the low roughage ration as on the high 
roughage ration; 2) milk fat percentage declined on the low roughage ration 
for the first 28 to 42 days but increased afterward until it approached that 
of the high roughage ration; 3) percentages of milk protein and SNF were 
unchanged; 4) the Incidence of the development of rancidity in the milk was 
not affected; 5) no digestive disturbances, mastitis, bloat or other health 
abnormalities were observed which could be associated with the rations.
In order to get more TDN into the dairy cow in the form of concentrates 
replacing roughage, it appears necessary to include more fiber in the ration 
than was used in this high concentrate-low roughage ration. In future 
studies of this type it is suggested, in addition to using hay-concentrate 
ratios which are wider apart, that a bulkier, more palatable concentrate
mixture be used.»
It was thought that a vitamin-mineral supplement would be more benefi­
cial in the low roughage-high concentrate diet, however, evidence was not 
found to indicate that such a supplement would improve this ration with 
reference to feed consumption, FCM production, digestibility, and heat 
production. No indication was shown in this 112 day trial that a high
that a high concentrate diet in which only 5 to 6 lb of hay fed daily was 
nutritionally inadequate for satisfactory production and health of high- 
producing Holstein cows.
The addition of the vitamin-mineral supplement to a moderately high 
roughage ration appeared to be beneficial in maintaining the level of milk 
production and a slightly higher heat production was observed in the cows 
receiving this ration. No effect upon feed consumption, digestibility, 
efficiency of production, milk composition, body weight gains, respiration 
rate or body temperature was observed when the vitamin-mineral supplement 
was added to a moderately high roughage ration.
Whether the effect of the supplement was associated with the micro­
bial population of the rumen or with the animal itself could not be deter-
'•a
mined from information obtained in this study. However, more important 
than the nature of the effect is the question whether there is a real 
effect of vitamin-mineral supplementation upon lactation response, or 
whether the observed increase in productivity was due to a difference in 
persistency of the cows? With such a small number of cows as was used in 
these experimental groups and a continuous trial, one should interpret the 
results with caution. It is believed that further study of this nature is 
necessary to substantiate these findings. However, the results of this 
study are encouraging enough to warrant further investigation of the feed­
ing of a highly-fortified vitamin-mineral supplement to dairy cows, partic­
ularity with high roughage rations.
V. SUMMARY
This investigation was conducted to determine the effects of feeding 
high-producing dairy oows a highly-fortified vitamin-mineral supplement 
in a high concentrate-low roughage ration and in a moderately high 
vroughage-low concentrate.ration with both rations fed at high levels of 
intake. The following criteria were involved: 1) digestibility of the
rations; 2) TDN consumption; 3) milk and 47. fat-corrected-milk (FCM) 
production; 4) conversion of total-digestible-nutrients (TDN) to FCM;
5) fat, protein and solids-not-fat (SNF) percentages and rancidity 
development in the milk; 6) body weight changes; 7) animal heat pro­
duction, and 8) health of the cows.
A. Digestibility of the Rations1 /
Digestion trials were conducted with all the cows. There was a 
significant difference (P .01) in the crude fiber digestion coefficients 
between the high concentrate and low concentrate rations. There were no 
significant differences among the four rations for any of the other digest 
ion coefficients. The experimentally-determined TDN values of the high 
concentrate rations were considerably lower than the theoretical TDN 
values. The low TDN value for the high concentrate ration was prpbably
due to a more rapid passage of the ration through the digestive tract.
B. TDN Intake
TDN was fed according to animal needs for production and maintenance.
The cows fed low concentrate rations received significantly (P .01) more
TDN per day than the cows fed high concentrate rations. This was due.
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mainly to the over-evaluation of the TDN content of the high concentrate 
rations rather than to the lower consumption of this ration.
C. Percentage of TDN Allowance Consumed
During the first hal£ of the trial when the cows were not consuming 
all their daily TDN allowances, the percentage of the TDN allowance 
actually consumed was essentially the same for cows fed the high and the 
low concentrate rations with or without the vitamin-mineral supplement. 
During the last half of the trial there were essentially no refusals from 
any of the rations.
D. Milk and FCM Production
The interaction of concentrate level and vitamin-mineral supplemen­
tation was significant (P .05) for milk and FCM production. The vitamin- 
mineral supplementation of low concentrate rations maintained the pro­
duction of milk and FCM better than the same ration without supplemen­
tation whereas the opposite was true with high concentrate rations.
E. Conversion of TDN to FCM 
The high concentrate rations were significantly more efficient in 
the conversion of TDN to FCM than the low concentrate rations (P .01). 
However, the high concentrate rations were consumed at lower levels of 
TDN than the low concentrate rations and this may explain the difference 
in conversion efficiency. Vitamin-mineral supplementation did not appear 
to affect FCM/TDN conversion.
F. Milk Composition 
The milk fat percentage dropped markedly for the cows fed the high 
concentrate ration during the first 28 days but increased for the
remainder of the period so that.there were no significant differences 
among the rations in overall change in fat percentage. There were no 
differences among the four rations in regard to their effect on change 
in protein or SNF percentages or the development of rancidity in the 
milk.
G. Body Weight Gain 
There were no differences in body weight gains over the experimental . 
period for the rations I, II, III and IV which were 60 lb, 58 lb, 70 lb, 
and 106 lb, respectively.
H. Heat Production 
The cows were decidedly affected by thermal stress during the first 
28 days of the trial and to a lesser degree the next 42 days as evidenced 
by the decline in respiration rate, body temperature, and metabolic heat 
production over the experiment. There were no differences in respiration 
rate or body temperature among the rations but metabolic heat production 
was somewhat higher for the supplemented-high roughage ration (P .10).
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Average dally dry matter consuBption for the cows fed the four experimental rations for the
standardization and the eight collection periods
Periods
Treatment Cow No. s*/ 1 2 3 4 5 6 - :■ 7 8 Av.
High Concentrate: ----------- (lb)— ---" • * ----- .-- -
Supplement 432 36.9 33.7 34.1 30.7 31.2 34.0 33.9 31.3 32.5 32.7
(I) 371 36.4 29.0 •30.8 25.0 26.1 24.2 27.4 26.7 26.6 27.0
• ■ 520 32.5 29.5 34.4 30.2 25.2 33.6 33.4 32.6 32.2 31.4
480 35.8. 28.8 32.8 34.6 29.7 31.8 31.9 30.3 28.7 31.1
Av. 35.4 30.3 33.0 30.1 28.1 30.9 31.7 30.2 30.0 30.6
Non-supplement 455 36.9 32.8 31.4 30.6 30.7 34.2 31.4 30.3 29.2 31.3
(II) 431 37.0 34.5 34.2 32.0 31.7 34.3 31.9 31.3 30.2 32.5
254 34.1 33.3 32.7 28.3 31.2 33.3 33.4 33.0 34.7 32.5
238 27.5 24.7 25.6 23.3 28.7 32.7 31.9 35.2 34.5 29.6
Av. 33.9 31.3 31.0 28.6 30.6 33.6 32.2 32.5 32.2 33-. 5
Low Concentrate: 
Supplement 473 37.4 37.0 40.3 41.0 36.3 39.7 38.5 35.5 41.1 38.7
(III) 445 36.9 37.1 38.3 35.7 35.5 37.9 38.8 37.4 39.0 37.5
265 32.6 33.1 37.2 34.2 35.3 36.8 37.4 35.4 37.0 35.8
540 28.2 23.9 27.9 26.2 30.4 31.9 33.6 36.8 39.1 31.2
Av. 33.8 32.8 35.9 34.3 34.4 36.6 37.1 36.3 39.1 35.8
Non-supplement 394 36; 9 41.3 41.9 39.3 38.9 41.3 40.3 38.1 36.6 39.7
(IV) 415 35.0 35.2 36.8 35.1 35.9 39.1 41.2 37.0 38.5 37.3
479 , 34.7 35.8 39.3 39.6 34.4 35.9 38.3 35.1 35.4 36.7
228£/ 34.4 33.1 36.5 38.2 31.0 40.3 42.6 42.3 41.8 39.1
Bdi&Standardization period 
b f Values calculated for missing data from all eight periods
TABLE 2
Average daily concentrate consumption for the cows fed the four experimental rations for the
standardization and the eight collection periods
Periods



























































































































































































„■ ■ ■ ■ ■
Av. 16.8 14.1 15.0 15.5 14.7 15.8 16.0 15.3 15.20 15.2
aj Values calculated for missing data from all eight periods
TABLE 3
Average daily hay equivalent consumption for the cows fed the four experimental rations for
the standardization and the eight collection periods^'
Treatment Cow No.
Periods
Av.S 1 2 3 4 5 6 7 8
uigu vOuCcukrsLc • -----
Supplement 432 18.9 5.6 5.7 5.0 5.5 5.9 5.9 5.3 5.5 5.5
C D 371 16.4 5.7 5.6 4.8 5.1 5.2 5.0 4.8 4.8 5.1
520 13.5 5.4 5.7 4.9 5.4 5.9 5.9 5.6 5.5 5.5
480 18.8 5.8 5.5 5.5 5.3 5.4 5.9 5.3 4.7 5.4
Av. 16.9 5.6 5.6 5.1 5.3 5.6 5.7.V 5.3 5.1 5.4
Non-supplement 455 19.9 5.5 5.2 5.1 5.4 5.9 5.9 5.3 4.7 5.4
(ID 431 18.3 5.8 5.7 5.3 5.5 5.9 5.9 25.3 4.7 5.5
254 17.1 5.5 5.6 4.7 5.5 5.9 5.9 5.* 5.5 5.5
238 12.5 5.1 4.9 4.5 5.2 5.9 5.9 5.6 5.2 5.3
Av. 17.0 5.5 5.4 4.9 5.4 5.9 5.9 5.4 5.0 5.4
Low Concentrate
Supplement 473 18.4 22.9 24.6 24.4 21.8 23.9 23.6 21.5 22.3 23.1
(III) 445 18.9 22.9 23.2 21.1 21.3 22.7 23.6 22.4 23.5 22.6
265 16.6 20.0 22.5 19.6 21.0 21.5 23.0 21.4 22.5 21.4
540 11.2 13.3 17.8 14.0 18.0 18.1 20.1 21.6 23.8 18.3
Av. 16.3 19.8 22.0 19.8 20.5 21.6 22.6 21.7 23.0 21.4
Non-supplement 394 18.9 25.9' 25.9 22.9 23.3 24.9 24.5 23.1 22.1 24.1
( v jy 415 18.0 21.3 22.3 20.5 21.5 23.1 24.7 21.8 23.2 22.3
479v/ 18.7 21.8 24.5 23.9 20.9 21.4 23.6 21.1 21.4 22.3228 18.4. 19.9 21.9 22.9 22.9 24.2 25.5 25.4 25.1 23.5
Av. 18.5 22.2 23.7 22.6 22.2 23.4 24.6 22.9 23.0 23.1
a/ One hay equivalent * one part'hay (88% D.H.) and one part silage (28% D.M.); 3.14 lbs silage replaces 1 lb hay 
b/ Values calculated for missing data from all.eight periods
TABLE 4
Average 14-day hay equivalent and concentrate refusal for the cows fed the four experimental rations





1 2 3 4 5
• Hay Cone. Hav Cone. Hav Cone. Hav Cone. Hay Cone.... n M — —nign. .vOuC6Qliou6 • —  Vid;— •
Supplement 432 8.5 47.0 2.6 51.0 . 4.0 53.0 . 0 0 0 1.0
<i> 371 6.4 88.0 0 60.0 1.0 82.0 0 46.0 0 16.0
520 10.6 72.5 6.5 58.0 5.0 23.5 0 2.0 0 0.5
480 2.4 72.0 1.0 36.5 1.0 21.0 0 2.0 0 3.0
Av. 7.0 69.9 2.5 51.2 2.8 44.9 0 12.5 0 5.0
Non-supplement 455 1.0 45.0 0 23.0 2.0 38.5 0 0 0 0
(II) 431 1.4 54.0 1.0 25.5 0 31.0 0 2.0 0 0.5
254 3.8 51.5 5.0 51.4 3.0 48.0 0 0 0 11.5
238 2.2 61.5 1.5 97.0 3.0 94.0 0 11.0 1.5 19.0
Av. 2.1 53.0 1.9 49.2 2.0 52.9 0 3.3 0.4 7.8
Low Concentrate: -
Supplement 473 46.2 4.0 75.0 5.5 42.4 1.5 13.0 1.5 12.5 1.5
(III) 445 30.9 11.5 91.5 8.5 46.4 3.5 12.5 0.5 9.0 0
265 64.5 14.0 85.3 7.5 72.5 2.0 9.5 0 13.0 0
540 89.6 :i7?o 79.0 5.0 89.0 2.0 8.0 0 8.0 0
Av. 57.8 11.6 82.7 6.6 62.5 2.3 10.8 0.5 10.6 0.4
Non-supplement 394 43.5 1.0 64.0 2.5 61.5 1.0 10.0 0 8.5 0
(IV) 415 47.0 4.0 86.5 10.1 49.0 2.0 8.0 0 9.0 0
479 , 45.5 3.0 65.5 5.5 49.2 6.0 13.5 1.5 9.0 0
228£' 46.5 1.0 70.0 5.0 54.0 2.5 12.0 0.5 8.0 0
Av. 45.6 2.3 71.5 5.7 53.4 2.9 11.1 0.5 8.6 0
b/ Values calculated for missing data from all eight periods •Hi
TATVLK 4 (continued)
Average 14-day hay equivalent and concentrate refusal for the cows fed the four experimental rations
for the standardization and the eight collection periods
Periods
Cow 6 •’ 3f 8 Av • •
Treatment No. Hav Cone. Hay Cone. Hay Cone. Hay Gone.
High Concentrate; ---------------- — ---------------------- -(lb)----
Supplement 432 0 0 0 0 0 0 1.9 19.0
(I> 371 0 0 0 0 0 0 0.9 36.5
520 0 0 0 0 0 5.0 2.8 20.2
480 o 1.0 0 0 0 0 0.5 16.9
Av. 0 0.3 0 0 0 1.3 0.8 23.2
Non-supplement 455 0 0 0 0 0 0 0.4 13.3
(II) 431 0 0 0 0 0 0 0.3 14.1
254 0 0 1.0 7.0 0 0 1.6 21.2
238 0 0 0 0 0 0 1.0 35.3
Low Concentrate:
Av. 0 0 0.3 1.8 e 0 0.8 21.0
Supplement 473 6.5 0.5 4.5 0 5.0 0 25.6 1.8
(III) 445 7.0 0 10.0 0 4.0 0 26.4 3.0
265 8.0 0 4.5 0 6.0 0 32.9 2.9
540 5.0 0 6.5 0 4.5 0 36.2 3i0
Av. 6.6 0.1 6.4 0 4.9 0 30.3 1.8
Non-supplement 394 9.5 0 5.2 0 11.2 0 26.7 0.6
(IV) 415 ■7.0 0 2.0 0 3.0 0 26.4 2.0
479 5.5 0 4.2 0 3.5 0 24.5 2.1
228 6.0 0 5.5 0 3.2 0 25.6 1.1
Av. 7.0 0 4.2 0 5.2 0 25.8 1.5
TABLE 5
Average daily TDN consumption for the cows fed the four experimental rations
for the standardization and the eight collection periods
Treatment- Cow No.
Periods
Av.S 1 2 3 4 5 6 7 8
High Concentrate: ------ — — — -........— —
Supplement 432 25.7 24.9 25.2 22.7 23.1 25.1 25.1 23.1 24.0 24.2
(I) 371 25.3 20.4 21.6 18.2 18.4 17.0 19.3 18.8 18.7 19.0
520 22.6 18.9 22.0 19.3 16.1 18.6 21.3 20.9 20.6 19.7
* 480 24.9 21.8 24.8 26.1 22.4 24.0 24.0 22.9 21.6 23.4
Av. 24.6 21.5 23.4 21.6 20.0 21.2 22.4 21.4 21.2 21.6
Non-supplement 455 18.6 23.1 22.1 21.5 21.6 24.1 22.1 21.3 20.5 22.0
o o 431 25.8 21.6 21.4 20.0 19.8 21.4 19.9 19.6 19.6 18.9254 23.7 23.1 22.7 19.7 21.7 23.1 23.2 23.0 24.1 22*6* 238 19.1 24.7 17.3 15.8 19.4 22.1 19.9 23.7 23.3 20.8
Av. 21.8 23.1 20.9 19.3 20.6 22.7 21.3 21.9 21.9 21.1
Low Concentrate:
Supplement 473 26.0 23.7 25.8 26.3 23.3 25.5 24.7 22.8 23.7 24.5
fill) 445 25.6 25.5 26.4 24.6 24.4 26.1 26.7 25.7 26.8 25.8
265 22.7 22.9 25.7 23.7 25.8 25.5 25.9 24.5 25.6 25.7
540 19.6 17.0 19.7 18.5 21.5 22.6 23.8 26.1 20.5 21.2
Av. 23.5 22.3 24.4 23.3 23.8 24.9 25.3 24.8 24.2 24.3
Non-supplement 394 25.6 30.1 20.5 24.4 28.3 30.1 29.3 27.8 26.6 28.4
(IV) 415 24.4 25.2 26.3 25.1 25.7 28.0 29.4 26.4 27.5 26.7
479 24.2 25.4 27.9 21.8 24.4 25.5 27.1 24.9 25.1 25.2
2285/ 23.9 24.4 25.5 26.8 26.7 28.2 29.8 29.6 29.3 27.5
Av. 24.5 26.3 27.6 24.5 26.3 28.0 28.9 27.2 27.1 27.0
a/ Values calculated for missing data from all eight periods
TABLE 6
Average daily.milk production for the cow? fed the four experimental rations
for the standardization and the eight collection periods
Periods
Treatment Cow No. S 1 2 3 4 5 6 7 8 Av.
High Concentrate: --------- ----- --- -(lb)--- -- - ---- - - - - ----
Supplement 432 4a. 9 46.2 41.9 39.1 41.2 40.4 34.6 38.1 35.8 39.7
(I) 371 50.1 50.6 46.3 42.4 40.3 44.8 38.3 37.9 35.7 42.1520 47.5 49.0 46.9 44.2 46.1 45.5 41.5 40.8 39.5 44.2
480 43.9 46.3 44.1 41.3 42.7 42.0 37.5 34.1 32.5 40.1
Av. 46.4 48.0 44.8 41.8 42.6 43.2 38.0 37.7 35.9 41.5
Non-supplement 455 40.2 43.8 42.8 38.2 40.2 36.3 35.1 33.5 35.0 38.1
(II) 431 44.1 43.4 42.4 39.1 40.9 37.3 36.0 33.9 30.5 37.9
254 43.8 48.1 45.3 40.1 45.1 43.7 41.8 41.4 44.1 43.7
238 48.7 49.2 45.3 40.8 48.0 50.3 50.7 48.5 46.5 47.4
Low Concentrate;
Av. 44.2 46.1 44.0 39.6 43.6 41.9 40.9 39.3 39.0 41.8
Supplement' 473 48.2 42.4 38.6 35.7 37.2 35.8 32.8 33.6 35.6 36.5
(III) 445 47.2 45.2 42.0 39.5 42.3 40.3 38.3 39.6 39.1 40.8
265 40.9 42.9 41.9 38*5- 40.8 39.3 37.2 36.5 36.9 39.4
540 , 38.3 34.2 33.4 31.7 37.5 35.9 39.9 42.2 43.0 37.2
Av. 43.7 41.4 39.0 36.4 39.5 37.8 37.1 38.0 38.7 38.5
Non-supplement 394 45.2 44.9 43.1 40.0 41.6 39.5 35.7 33.0 29.3 38.4
(IV) 415 45.4 44.0 43.9 40.8 41.3 43.0 40.4 36.8 35.5 40.7
479 42.5 44.1 42.6 37.8 39.4 39.8 35.7 34.8 34.6 38.6
228&/ 45.9 43.7 44.2 41.1 44.5 44.8 45.1 41.4 38.7 42.9
/ Av. 44.8 44.2 43.5 39.9 41.7 41.8 39.2 36.5 34.5 40.2
£/ Values calculated for missing data from all eight periods
TABLE 7
Average daily 4% fat-corrected milk production for the four treatments
during the eight collection periods
Periods



























































































































































































Av. 40.1 38.1 37.8 34.9 40.0 37.8 36.9 33.5 32.7 36.2
a/ Values calculated for missing data
TABLE 8
Percentage fat of milk from the cows fed the four experimental rations
for the standardization and the eight collection periods
Treatment Cow No.
Periods
Av.S 1 2 3 4 5 6 7 8
High Concentrate: • •V™/Supplement 432 3.1 . 2.9 2.7 2.6 3.0 3.2 3.5 3.0 3.4 3.0
(I) 371 2.8 2,3 2.0 2.2 2.8 2.7 2.8 2.7 2.8 2.5
520 2.2 2.9 2.5 2.9 3.0 3.1 3.2 3.3 3.4 3.0
480 3.1 2.7 2.3 2.2 2.7 2.9 3.0 2.9 2.8 2.7
Av. 2.8 2.7 2.4 2.5 2.9 3.0 3.1 3.0 3.1 2.8
Non-supplement 455 3.3 2.4 2.3 2.6 3.4 2.8 3.3 2.6 3.3 2.8
(II) 431 3.5 3.0 3.0 3.2 3.4 3.5 3.4 3.8 3.3 3.3
254 3.3 2.7 2.9 3.0 3.2 3.0 4.3 3.7 2.9 3.2
238 2.8 2.5 2.8 2.3 2.9 2.3 3.6 2.9 3.2 2.8
Av. 3.2 2.7 2.8 2.7 3.2 2.9 3.7 3.2 3.3 3.0
Low Concentrate:
Supplement 473 3.2 3.4 3.5 3.3 3.7 4.0 4.2 3.8 4.1 3.8
(III) 445 3.0 3.3 3.2 3.4 3.2 3.6 3.8 3.5 3.5 3.4
265 3.1 3.0 3.3 2.7 3.0 3.2 3.5 3.5 3.* 3.3
540 2.5 2.9 3.2 3.4 3.5 3.2 3.5 3.5 3.4 3.3
Av. 3.0 3.2 3.3 3.2 3.4 3.5 3.3 3.5 3.6 3.4
Non-supplement 394 4.1 3~2 3.3 3.3 3.5 3.6 3.8 3.4 3.7 3.5
(IV) 415 3.1 3.2 3.4 3.4 4.1 3.7 4.0 3.9 4.4 3.8
479 3.1 3.1 2.9 2.7 2.9 3.3 3.4 3.4 3.2 3.1
2282.' 2.9 2.8 2.9 2.6 3.1 2.9 3.3 3.2 3.3 3.0
Av. 3.3 3.1 3.1 3.0 3.4 3.4 3.6 3.5 3.7 3.4
£/ Values calculated for missing data from all eight periods
TABLE 9
Percentage protein of milk from the cows fed the four experimental rations for the
standardization and the eight collection periods
Treatment Cow No.
Periods
Av^S 1 2 3 4 5 6 7 8
.(°f\_________nXgn. vvUVCULAttLC • \'*J .
Supplement 432 3.3 3.7 3.6 3.6 3.5 3.9 4.2 3.7 3.8 3.8
<*> 371 2.7 1.3 2.9 2.9 3.2 3.3 3.5 3.3 3.4 3.0520 2.7 2i9 2.8 3.0 2.9 3.1 3.4 3.3 3.5 3.1
480 2.9 3.2 3.1 3.1 3.2 3.0 3.6 3.5 3.5 3.3
Av. 2.9 2.8 3.1 3.2 3.2 3.3 3.7 3.5 3.6 3.3
Non-supplement 455 3.0 3.5 3.3 3.3 3.5 3.7 3.8 3.7 3.9 3.6
(II) 431 2.8 3.5 3.5 3.3 3.3 3.7 3.7 3.5 4.2 3.6
254 3.7 3.2 3.0 3.2 3.3 3.3 3.5 3.5 3.9 3.4
238 2.4 2.7 2.4 2.5 2.9 2.8 3.3 3.2 4.7 3.1
Av. 2.7 3.2 3.1 3.1 3.3 3.4 3.6 3.5 4.2 3.4
Low Concentrate:
Supplement 473 3.1 3.3 3.3 3.3 3.8 3.9 4.4 3.9 4.1 3.8
(III) 445 2.8 2.9 2.8 2.9 3.2 3.3 3.6 3.6 3.9 3.3
265 2.9 3.0 3.0 3.1 3.2 3.2 3.6 3;4 3.5 3.2
540 3.7 3.0 2.9 2.9 3.2 3.3 3.2 3.1 3.6 3.2
Av. 2.9 3.1 3.0 3.1 3.4 3.4 3.7 3.5 3.8 3.4
Non-supplement 394 3.1 3.4 3.3 3.3 3.5 3.7 4.0 4.1 4.2 3.7
(IV) 415 2.9 3.0 3.0 2.9 3.3 3.3 3.7 3.7 4.0 3.4
479 3.0 3.0 3.0 3.2 3.3 3.3 3.8 3.5 3.6 3.3
228S' 2.5 2.9 2.7 2.6 2.9 2.6 3.3 3.4 4.0 3.1
Av. 2.9 3.1 3.0 3.0 3.3 3.2 3.7 3.7 4.0 3.4
&I Values calculated for missing data from all eight periods
TABLE 10
Percentage SNF of milk from the cows fed the four experimental rations
for the standardization and the eight collection periods
Treatment Cow No.
Periods
Av.S 1 2 3 4 5 6 7 8D4 mIi tnjLgU vOUCvIluluLc •
Supplement 432 8.7 8.7 8.7 8.8 8.6 9;o 9.4 8.8 9.1 8.9
(I) 371 8.1 7.5 7.7 7.6 7.8 7.5 7.6 7.5 7.4 7.6
520 7.9 7.9 7.9 8.3 8.0 8.2 8.2 8.5 8*4 8.2
480 8.4 8.3 8.4 8.4 8.3 8.4 8.5 8.5 8.4 8.4
Av. 8.3 8.1 8.2 8.3 8.3 8.3 8.4 8.3 8.3 8.3
Non-supplement 455 8.6 8.6 8.4 8.6 .8.7 8.6 8.7 8.9 8.9 8.7
(II) 431 8.5 8.3 7.4 8.3 8.4 8.6 8.7 8.5 8.7 8.4
254 8.5 8.3 8.1 8.4 8.5 8.7 8.7 8.9 8.6 8.5
238 7.9 7.6 7.5 7.5 8.0 7.8 8.3 8.1 8.3 7.9
Av. 8.4 8.2 7.9 8.2 8.4 8.4 8.6 8.6 8.6 8.4
Low Concentrate:
Supplement 473 8.3 8.3 8.2 8.3 8.7 8.9 8.9 8.7 9.0 8.6
(III) 445 8.2 8.1 8.2 8.1 8.3 8.6 8.6 8.6 8.6 8.4
265 7.9 7.8 7.9 7.8 7.9 8.3 8.0 7.9 8.2 8.0
540 8.5 8.2 8.2 8.4 8.5 8.6 8.6 8.5 8.5 8.4
Av. 8.2 8.1 8.1 8.2 8.4 8.6 8.5 8.4 8.6 8.4
Non-supplement 394 8.6 8.5 8.5 8.7 8.7 8.9 9.1 9.1 9.1 8.8
(IV) 415 8.4 8.2 8.4 8.4 8.5 8.6 8.7 8.8 9.0 8.6
479 8.7 8.6 8.4 8.8 8.7 8.9 9.0 8.8 8.9 8.8
228 8.7 8.5 8.6 8.5 8.6 8.7 9.1 9.0 9.0 8.8
Av. 8.6 8.5 8.5 8.6 8.6 8.8 9.0 8.9 9.0 8.8
a/ Values calculated for missing data from all eight periods
TABLE 11
Bodyweights for the cows in the four treatment groups for the standardization and the eight collection
periods and bodyweight change over the experimental period
Treatment Cow No.
Periods Average
ChangeS 1 2 3 4 5 6 7 8
nxgn wUCcubrAbv •
Supplement 432 1197 1208 1226 1202 1216 i1247 1248 1274 1250 53
(I) 371 1180 1175 1176 1185 1135 1178 1182 1240 1237 57
520 938 875 912 918 935 957 960 . 999 990 52
480 1001 1020 1066 1042 1027 1051 1070 1087 1077 76
Av. 1079 1070 1095 1087 1078 1108 1115 1150 1139 60
Non-supplement 455 1237 1220 1238 1242 1232 1271 1272 1267 1278 41
(II) 431 1129 1121 1130 1129 1154 1155 1184 1175 1162 33
254 1093 1091 1065 1058 1040 1047 1070 1119 1165 71
238 1089 1096 1097 1070 1062 1094 1124 1180 1176 87
Av. 1137 1132 1133 1125 1122 1142 1163 1185 1195 58
Low Concentrate:
Supplement 473 1125 1134 1153 1151 1125 1110 1136 1165 1145 20
(III) 445 1055 1016 1038 1032 1047 1044 1048 1074 1083 28
265 1083 1101 1118 1133 1158 1134 1164 1208 1238 155
540 934 901 900 909 906 923 945 964 1008 74
Av. 1049 1038 1052 1056 1059 1053 1073 1103 1119 70
Non-supplement 394 1159 1177 1225 1200 1210 1222 1232 1282 1238 79
(IV) 415 1073 1092 1115 1130 1155 1155 1174 1192 1157 84
479 1029 1022 1039 1046 1056 1055 1104 1105 1127 98.
228SJ 1165 1181 1184 1172 1169 1247 1269 1319 1331 166
Av. 1107 1118 1141 1137 1148 1170 1195 1225 1213 106
a/ Values calculated for missing data from all eight periods
TABLE 12
Respiration rate for the cows in the four treatment groups during the standardization
and the eight collection periods
Treatment Cow No.
Periods
Av.S 1 2 3 4 5 6 7 8U4 a  a m  4* A  •OXgQ v O D C c u t r f l b C »
Supplement 432 67.0 67.0 67.0 43.0 33.0 48.0 24.0 25.0 12.0 39.9
a) 371 88.0 93.0 80.0 60.0 59.0 60.0 40.0 40.0 25.0 57.1
520 85.0 69.0 85.0 50.0 36.0 45.0 28.0 30.0 18.0 45.1
480 93.0 78.0 99.0 57.0 55.0 52.0 30.0 30.0 18.0 52.4
* Av. 83.3 76.8 82.8 52.5 45.8 51.3 30.5 31.3 18.3 48.6
Non-supp l'emen t 455 95.0 85.0 72.0 59.0 44.0 39.0 28.0 30.0 14.0 46.4
(II) 431 92.0 81.0 76.0 56.0 39.0 44.0 30.0 26.0 14.0 45.8
254 114.0 94.0 96.0 77.0 64.0 59.0 30.0 31.0 18.0 58.6
238 113.0 80.0 63.0 53.0 49.0 48.0 28.0 30.0 19.0 46.3
Av. 103.5 85.0 76.8 61.3 49.0 47.5 29.0 29.3 16.3 49.3
Low Concentrate:
Supplement 473 103.0 102.0 103.0 70.0 52.0 67.0 28.0 30.0 22.0 59.3
(HI) 445 . 109.0 75.0 65.0 59.0 45.0 56.0 26.0 30.0 19.0 46.9
265 89.0 73.0 51.0 63.0 57.0 61.0 32.0 38.0 18.0 49.1
540 129.0 123.0 117.0 82.0 73.0 75.0 44.0 50.0 34.0 74.8
Av. 107.5 93.3 84.0 68.5 56.8 64.9 32.5 37.0 23.3 57.5
Non-supplement 394 112.0 78.0 68.0 64.0 45.0 45.0 ,25.0 27.0 16.0 46.0
(IV) 415 91.0 61.0 61.0 51.0 50.0 53.0 22.0 25.0 16.0 42.4
479 98.0 93.0 110.0 57.0 59.0 56.0 24.0 21.0 18.0 54.8
228^' 100.2 77.3 79.8 57.3 51.0 51.0. 24.0 24.0 17.0 47.6
Av. 100.2 77.3 79.8 57.3 51.3 51.3 23.8 24.3 16.8 47.7
a / Values calculated for missing data for all eight periods
TABLE 13
Body temperature for the cows in the four treatment groups during the standardization
and the eight collection periods
Periods






























































































































































































Av. 102.6 103.7 103.3 101.8 102.2 102.0 101.4 101.8 101.5 102.2
af Values calculated for missing data from all eight periods
TABLE 14
Metabolic heat production for the cows in the four treatment groups
during the standardization and the eight collection periods
treatment Cow No.
Periods
Av.:s 1 2 3 4 5 6 7 8
High Concentrate: . 7/hr^' / nr j ■
Supplement 432 67.7 96.4 68.6 53.7 54.1 49.4 28.9 43.6 69.6 58.0
(I) 371 113.3 83.2 72.0 46.1 31.8 43.4 36.7 52.4 71.4 54.6
520 67.8 81.9 89.7 65.6 50.2 48.3 36.3 44.6 64.4 60.1
480 73.4 104.6 74.2 61.1 66.5 51.8 34.1 53.5 59.0 63.2
Av. 85.6 91.5 76.1 56.6 50.7 48.2 34.0 48.5 66.1 59.0
i
Non-supplament 455 55.4 100.0 74.8 52.2 64.3 62.3 27.6 43.2 55.6 60.0
(II) 431 54.9 87.0 67.9 51.4 63.1 43.5 24.2 47.3 65.0 56.2
254 78.8 92.4 100.1 51.4 70.2 54.6 14.6 57.4 63.1 63.0
238 98.6 73.4 59.5 55.9 61.3 48.5 29.1 60.0 70.6 57.3
Av. 71.9 88.2 75.6 52.7 64.7 52.2 23.9 52.0 63.6 59.1
Low Concentrate:
Supplement 473 80.8 85.2 73.9 69.0 52.9 53.5 37.1 65.2 70.7 63.4
(III) 445 74.5 108.5 75.8 62.3 66.7 61.3 53.3 53.7 , 65.4 68.4
265 60.6 91.8 95.3 62.1 70.7 47.4 43.2 56.9 67.5 66.9
540 ' 16.9 83.4 92.7 77.6 73.1 55.1 35.1 66.5 66.4 68.7
Av. 58.2 92.2 84.4 67.8 65.9 54.3 42.2 60.6 67.5 66.9
Non-supplement 394 79.7 97.7 66.7 65.3 59.9 56.6 40.2 59.7 79.9 65.8
(IV) 415 83.9 80.8 96.2 62.6 71.1 63.9 33.2 55.8 61.1 65.6
479 . 67.8 113.7 73.9 68.3 61.7 55.0 46.4 50.7 62.0 66.5
228^' 77.1 104.4 86.6 56.6 51.6 41.3 21.2 46.7 49.4 57.2
Av. 77.1 99.2 80.9 63.2 61.1 54.2 35.3 53.2 63.1 63.8
-M.I Values calculated for missine data from all eight periods
TABLE 1 %









Ration 3 17.99 6.00 .341










Ration 3 416.25 138.70 1.780









Ration 3 1672.55 557.54 17.305**
Error 11 354.54 32.25
Total 14 2027.00









Ration 3 7$. 77 25.60 2.886









Ration 3 77.05 25.66 2.618
Error 11 107.81 9.80
Total 14" 184.86
F. Total-digestible-nutrients
Source of Sum of Mean
variance d.f. squares square F-value
Ration 3 338.45 112.66 1.247




Analysis of variance for total-dige'stablo-nutrients Intake for vitamin- 
mineral supplementation, concentrate level, period and lactation group







Lactation group 48.80 16.27 2.987*
Supplementation 1 76.42 76.42 14.001**
Concentrate level 470.86 470.86 86.232**
Period 7 71.71 10.24 1.887
S x C 1 41.97 4.19 7.696**
S x P 38.47 5.50 1.010
C x P  . 7 29.81 4.26 0.789





**8ignifleant a t P  <.01 
•• ̂ Significant at P < . 05
TABLE 17
Analysis of variance for percentage of TDN allowance consumed for vitamin- 







Lactation group 3 7891 2630 1.100
Supplementation 1 1745 1745 0.730
Concentrate level 1 1660 1660 0.694
Period 3 31978 10659 4.458**
S x C 1 42 42 0.002
S x P 3 5846 1949 0.8151
G x P 3 6314 2105 0.880
S x C x P 3 12363 4121 1.723
Error 45 107583 2391
Total 63 175422
-
**'Significant at P < ;01
TABLE 18
Analysis of variance for change In milk production for vitamin-mineral 







Lactation group 3 46852 15617.00 17.65**
Supplementation 1 2687 2687.00 3.037
Concentrate level 1 1876 1876.00 2.12
Period 7 121592 17370.00 19.613**
S x C 1 791 791.00 0.894
S x P 7 1127 161.00 0.182
C x P 7 7273 1053.29 1.190
S x <J x P 21 13308 1901.10 2.149
Error 93 82288 884.80
Total 127 277894
**Signlflo|nt at P < .01
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TABLE 19
Analysis of variance for change In 47» fat-corrected-milk for vitamin- 







Lactation group 3 1454 848.66 1.855
Supplementation 1 47 47.00 0.288
Concentrate level 75 75.00 0.180
Period 7 46229 6614114 25.315**
S x c 7 1043 1043.00 3.998*
S x P 7 18873 2691.00 10.300**
C x P 7 4140 591.42 2.264
S x  C x P 7 37780 1202.87 4.604*
Error 93 24229 261.27
Total 127 133870
** Significant at P < .01 
* Significant at P < .05
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TABLE 20
Analysis of variance for conversion of TDM to FCM for vitamin-mineral 







Lactation group 3 10724 3574.66 9.535**
Supplementation 1 86 86.00 499
Concentrate level 15378 15378.00 41.021**
Period 7 6695 956.43 2.551*
S x C 1 1158 1158.00 3.088
S x P 7 4712 673.14 1.795
C x P 7 2358 336.85 .898
S x C x P 7 4615 659.28 1.758
Error 93 34864 374.88
Total 127 80590
^Significant at P < .01
*Significant at P< .05 '
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TABLE 21
Analysis of variance for change in milk fat percentage for vitamin** 







Lactation group 3 0.09 0.0300 0.343
Supplementation 1 0.00 0.0000 0.000
Concentrate level 0.01 0.0100 0.114
Period 7 6.84 0.9771 11.180**
S x C 1 0.00 0.0000 0.000
S x P 7 2.60 0.3714 . 4.249*f*
C x P 1.81 0.2586 2.959**
S x C x P 7 1.53 0.2186 2.501*
Error 93 8.13 0.0874
Total 127 21.00
**Slgnifleant at P < .01 
*Signifleant at P < .05
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TABLE 22
Analysis of variance for change in milk protein percentage for vitamin 







Lactation gvoup 3 0.06 0.0200 2.442
Supplementation 1 0112 • 0.1200 1.465
Concentrate level 1 0.00 0.0000 0.000
Period 7 2.82 0.4029 4.919**
S x C 1 0.04 0.0400 0.488
S x P 7 0.90 0.1286 1.570
C x P 0.26 0.0371 0.453
S x C x P 7 0.86 0.1229 1.501
Error 93 7.62 0.0819
Total 127 1268
**Signifleant at P < .01
95
TABUS 23
Analysis of variance for change in milk solids-not-fat percentage vitamin 







Lactation group 3 0.02 0.0067 0.194
Supplementation 1 0.01 0.0100 0.291
Concentrate level 0.02 0.0200 0.581
Period 7 1.03 0.1471 4.277**
S x C 1 0.00 0.0000 0.000
S x P 7 0.28 0.0400 1.163
C x P 7 0.26 0.0371 1.080
S x C x P 7 0C37 0.0529 1.537
Error 93 3.20 0.0344 •
Total 127 5.19
, ̂ Significant at P < .01
96
TABLE 24
Analysis of variance for change in acid-degree values of milk for vitamin- 







Lactation group 3 18042 6014.0 0.042
Supplementation 1 722 722.0 0.005
Concentrate level 1 47508 47508.0 0.332
Period 4523042 646148.0 4.522**
S x C 2945 2945.0 0.020
S x P 595074 85010.5 0.594
C x P 7 1452705 207529.0 1.452
S x G x P 7 * 430351 61478.7 0.430
Error 93 13289705 142900.0
Total 127 20360094 - •
^Significant at P < .01
97
TABLE 25
Analysis of variance for change in bodyweight for vitamin-mineral 







Lactation group 3 499 166.333 0.389
Supplementation 1 840 840.000 1.968
Concentrate level 1 893 893.000 2.093
Period 7 17278 2468.200 5.785**
S x C 1 527 527.000 1.235
S x P •2317 331.000 0.775
C x P 7 3906 558.000 1.307
S x C x P 4931 704.420 1.651
Error 93 39676 426.620
Total 127 70867
♦♦Significant at P < .01
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TABLE 2.6
Analysis of variance for change in body temperature for vitamin-mineral 







Lactation group. 3 100 33.33 0.286
Supplementation 1 19 19.00 0.163
Concentrate level 1 1 1.00 0.008
Period 10615 1516.40 13.034**
S x C 1 72 72.00 0.618
S x P 7 511 73.00 0.627
C x P 179 25.57 0.219
S x C x P 7 163 23.29 0.200
Error 93 10820 116.34
Total 127 22480
**Signifleant at P < .01
99
TABLE 27
Analysis of variance for change in respiration rate for vitamin-mineral 







Lactation group 238 79.33 0.539
Supplementation 2 2.00 0.013
Concentrate level 1 o 0.00 0.000
Period 8932 1276.00 8.669**
S x  C 62 62.00 0.421
S x P 452 64.57 0.438
C x P • 7 104 14.86 0.100
S x C x P 7 2201 314.42 2.136
Error 93 f 13688 147.18
Total 127 25679
**Signifleant at P < .01
100
TABLE 28
Analysis.of variance for change in metabolic heat production for vitamin- 







Lactation group 3 73410 24470.00 0.894
Supplementation 20502 20502.00 0.749
Concentrate level 1 12051 12051.00 0.440
Period 7 2344919 334988.00 12.243**
S x C 101026 101026.00 3.692
S x P 81073 11581.85 0.423
C x P 7 253053 36150.40 1.321
S x C x P 7 239783 34254.70 1.251
Error 93 2544484 •
Total 127 5670301
<[*8ignifleant at P < .01 
jj^Signifleant at P < .01
101
TABLE 29
Proximate composition and ^ry matter content of three samples of hay, 
silage and concentrates fed to the experimental cow a®/
Dry Crude Ether Crude N-free
Feed • matter protein extract fiber Ash extract. m ......
Hay, A 88.2 18.2 2.6 29.8 9.2 36.5
Hay, B 87.5 17.6 2.5 30.0 9.2 39.9
Hay, C 88.2 17.9 2.5 29.0 9.3 37.6
Silage, A 25.8 7.9 2.8 26.3 6.9 54.1
Silage, B 30.0 7.5 2.7 26.9 7.9 52.9
Silage, C 28.2 6.7 2.8 26.6 7.1 52.0
Cone., A 88.1 19.8 2.0 4.1 10.6 60.2
Cone., B 88.0 21.8 2.3 4.2 10.7 59.9
Cone., C 88.0 20.1 2.0 4.1 9.6 62.9
a/ Samples composited (A) Aug. A» (B) Oct. 1, (C) Nov. 15
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